Zmi 15 '3S^^^ EHRLICH ?. 'PWRTTERS 972-3-6127575 NO , 584 R. 



APPLICATION FOR PATENT 
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Title: PLANNING AND FACIUTATION SYSTEMS AND 

fvIETHODS FOR CRYOSLTIGERY 

Thh application claixns the benefir of priority fix>m U.S. Provisional 
Patent Application No. 60/221,891, filed July 3L 2000, 

FIELD AND BACKGROUND OF THE INVENTION 

The present invention relates to cryosurgical systems and methods 
useable for planning and for facilitating a cryoablation procedure. More 
particularly, the present invention relates to the use of inte^ated images 
displaying, in a common virtual space, images of a three-dimensional model 
of a surgical intervention site, simulation images of a plaimed crj'oablaiion 
procedure at the site, and reaMime images of the site during cryoablation. 
The present invention ftnther relates to system-supplied recommendations 
for, and evaluarions of, a planned cryoablation procedure, and to 
system-supplied feedback to an operator and system-aipplied control 
signals to a cryosurgery tool during cryoablation. 

Cryosurgical procedures involve deep tissue freezing which results in 
tissue destruction due to rupture of cells and or cell organelles within the 
tissue. Deep tissue freezing is effected by insertion of a tip of a cryosurgical 
device into the tissue, either transperineally. endoscopically or 
laparoscopically, and a formation of, what is known in the art as, an ice-ball 
aicund the tip. 

In order to effectively destroy a tissue by such an icc-ball, the 
diameter of the ball should be substantially larger than the region of the 
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icniperaturc distritution across the ice-ball. 

SpKlficaUy. (be temperature required for effeoUvel>- tetroytag a 
.issue is .bou..40- C. o. cooler, However. .h.,en^a„„ a, the surface of 
' U.e ice-bau is 0= C. The te„^„,u„ jecUne, exponemlaBy towards d,e 
center of the ball such that an isothertml surface of about C is lypicallv 
locsted ^ifl,i„ fl,. i,,.t,u sufetanually at the halfway betweeo the cent, 
of the ball and its surface. 

Thus, in order to effectively destroy a tissue there is a need to Jocate 
^-0 the Uothcnnal surface of -40= C at the periphery of the treated tissue, 
thereby exposing adjacent, usually healthy, tissues to the external portions 
of the ice-balL The application of temperamr^s of between about 40» C 
and 0= C to such healthy tissues usually cat^ses substantial damage thei^to 
which damage may result in temporary or permanent impairment of 
15 ftinctional ra-gans. 

In addition, when the adjacent tissues are present at opposite borders 
with respect to the &ee.e treated tissue, such as in the case of prostate 
fteeze treannents, as is further detailed below, and since the growth of the 
ice-ball is in substantially sinnlar rate in all directions toward its periphery, 
20 if the tip of the cryosurgical device is not precisely centered, the ice-ball' 
reaches one of the borders before it reaches the other border, and decision 
making of whether to continue the process of freeing, risking a damage to 
close healthy tissues, or to halt the process of fi^ezing. risking a 
iion-completc destruction of tlie treated tissue, must be made. 
25 Although the present invention is applicable to any cryosurgical 

treatment discussion is hereinafter primarily focused on a cryosurgical 
treatment of apatienf s prostate. 

Thus, when treating a tumor located at a patient's prostate, there is a 
trade-of between two options: (a) effectively destroying the prostatic tissue 
30 extt^iding between fte prostatic urethra and the periphery of Ae prostate 
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«.a^g unavoidable dan^age « ft^padeztfs m^to or «ga„. 
top^at. «,oh as the rectum and nerv^,, (bj avoiding U,e damaging of 
Foswc urethra and adjacent organ,, but «po,in, the patient to U,e d.lc of 
n^Hgnancy due to ineffeCve d«truai„n of fl,. prolate «m,or. Treatn^,. 
Of benign prostate h,^e„tei. (BPH), while no. requiring tot^ tetruotion 
of an entire votoe of prostate tissue as does treaunen, of a malignancy 
n«.ertheless does run a,e risk of causing damage ,o heaJtty flincdonai 
ussues and organs adjacent to the prostate, if ca« is not talcen to linit the 
scope of denmctive fteering to appropriate locations. 
>0 A classical ctyosurgc, procedure for treating the prostate includes 

the mtroduction of S-7 pt^bcs in«, the prostate, probes being t^icall, 
»-nged around the proatano urethra such that a single probo i, located 
preferably centered, behveen the pmstatio urethra and the peripheo. of the 
prostate. n,e din>..-^-ons of such a single probe are usually «Upted for 
n errccdvely treating flre prosUtic tissue segment extending from te 

«. periphery of the prostate, eg., a tip of 3 nallin.et«s in diameter 
gen«^ an ice-ball of 3^ centhnetm in di.m«er, dq,endin8 on a,e si« 
or the prostate. Since a single ice-ball i, used for freezing such a prostadc 
fssue segment, the votae of adjacen, ^ues expo^d to dan««e is 
» substantially greater than volume of flre treated tissue. For example if 
*c are. of the ice-ball in cross secSon .s and an effective treaunen, of 
at least -40« C is provided .0 an ^a of „CR/2)' (in cross secdon), then the 
area of adjacent tissues (in crass section) exposed to between about -40= C 
and about 0' C is uR= - 0.25(rfl=) = 0,75(*'), which is three times the srea 
25 °fS»l"ssueeiiectiveIy treated by ttie ice-ball. 

A modification of the classic ctyosurgery procedute described in the 
precedtag pa^graph, i^^^,^ „ ^.^^ ^ 

tissues, is .0 use suoh a stagfe probe of a smaUer diameter prtxluctag an 
ice-ball of smaller size. Such a modification, however, exposes the patient 
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t» the dang<:r Of mdignancy b«a„se of apo^ibte tocomplete d«»ucd„„ of 

the tumor 



The classicaJ cxyosurgci>- procedure herein described, therefore does 
not provide effective resolution of .eatrnent along the planes perpendicular 
s to the axis of penetration of the c^osurgical probe into the patient's organ 
A further limitation of the classical procedure stems ftom the fact 
thm anatomical organs such as the prostate usually feature an asv^naetric 
three-dimensional shape. Comequently, introduction of a ctyosurgical 
probe along a specitic path of penetration within the organ may provide 
!0 effective treatment to specific regions located at specific depths of 
penetration but at the same time may severely damage other portions of the 
organ located at other depths of penetration. 

United States Patent No. 6,143.991 to Schatzberger teaches a hi^h 
resolution ctyosurgical method aad device for treating a patient's prostate 
15 designed to overcome the described limitations of the classical cryosurgery 
procedure described hereinabove, Schatzberger's "high resolution" method 
(i^fen-ed to as the "HR method" hereinbelow) comprises the steps of (a) 
introducing a plurality of cryosurgical probes to the prostate, the probes 
having a substantially small diameter and are distributed across the prostate. 
20 so as to form an outer arraiigement of probes adjacent the peripheiy of Ae 
prostate and an inner arrangement of piobes adjacent the prostatic urethra; 
and Cb) producing an ice-ball at the end of each of said cnrosurgical probes. 
30 as to locally fteeze a tissue segment of the prostate. Schatzberger's 
apparatus (referred to hereinbelow as the 'm." apparatus) comprises (a) a 
2^ plurality of cryosurgical probes of small diameter, the probes serve for 
msertaon into the patient's organ, the probes bemg for producing ice-balls 
lor locally freezing selected portions of the organ; (b) a guiding element 
mcluding a net of apertures for inserttag the cryosurgical probes 
therethroughi and (c) an imaging device for providing a set of Images, the 
30 m:ages being for providing information on specific planes located at 
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^mc d^ptt. ,ke o,,». each of said images Mudi^ a ^ of 

-ks being correlated to «,e „e, of „ „f 
whercm .he ™rics represent ft, loeations of ice-balls which be formed 
by fte cjosurgical probe. «he. i„,™h,eed fcoo^ ^aid apertore. of fte 
■ S^I^S'tonw 10 said distiiic. depth, vrfthin the organ. 

The HR method a«d device provide the advanlajos of high r^oiution 
of treat™., alotg the ^ .1,^^ „f ^e ctycorgical probe into flt. 
pade^^s organ aa well a. alottg the plane, petpendioular to the axi» of 
penetration, thereby enabling to effectively dest^y selective portions of a 
pauenfs tisst^ wimetninimizfag dan»ge to .djae«,ttssues and org™, and 
to selectively treat vsrioua portions of (he tissue located at different deptte 
ol organ, tteeby effectively Sizing selected portions of the tissue 
whtle avoiding th. damaging of other tissues and organs located a, o*er 
depth along the axis of penetration. 

Schatzberger. in U.S. Patent No. 6,142,991 also teaches the 
additional step of three dimensioi^ly mappn^g an cgan of a patient so as to 
fom a three dimensional grid thereof, and applying a multi-probe system 
introduced into the oxgan according to the grid, so as to enable systematic 
high-resolution three dimensional cryosurgical treatment of the organ and 
selective destniction of the n:eated tissue with minim.1 damage to 
suirounding, heahhy, tissues. 

It is, however, a disadvantage of the HR apparatus and method as 
taught in U.S. Patent 6,142.991 that the apparatus enables, and the method 
requires, a high level of diagnostic sophistication in the selection and 
definition of the particular volume of tissue to be cryoablated. M-time 
imaging capabilities of the HR apparatus provide for imaging of the target 
organ at a selected depth of penetration and thereby assist an opei^tor in 
deciding ^vhere to introduce and utilize a plurality of cryogenic protes. yet 
the complex three-dimensional geometry of the ctyoablalion target is poorly 
rendered by the set of two dimensional images constituting the three 
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dimensional grid as contemplated by the HR method and apparatus, m this 
pnor art :.ethod. little assistance is provided for an operator in 
understanding the dxree dimensional shape and s^cttire of the «yoablation 
t^get and the surrounding tissues. Information vital to lie operator may be 

s P^^^"^^ ^« of images, yet dimcuK for the operator to see and 
appreciate. In a set of images of this type, the details may be pres«it yet it 
may be difficult to appreciate their significance because of the difficulty of 
seeing them in context A three dimensional "grid" composed of a plurality 
of tv'o dimerxsional images such as ultrasound images contain many details 

10 yet do not facilitate the unders tanding of those details in a three dimensional' 
context. 

Thus there is a widely recognized need for, it would be highly 
advantageous to have, an apparatus for facilitating ciyosurgeiy which 
provides real-time imaging of a ciyoabktion target site in a maimer which is 

11 easy for an operator to Visualize and to understand. 

It is an additional limitation of the HR method and apparatus, and of 
other prior art systems, that the imaging capabiUties contemplated are not 
well adapted to assist an operator in planning a ciyoablation procedure. In 
addition to the fact that the imaging facilities there provided are poorlv 
20 adapted to visualization of the three dimensional space by an operator, lliey 
are also limited in that the apparatus is poorly adapted to.provlding images 
of the target area in advance of the operation, e.g., for planning purposes. 
The described HR equipment might, of comse, but used to create the 
described three dimensional mapping of the target area well in advance of a 
25 surgical intervention, but no mechanism is provided for fecilitating the 
relating the images so obtained, and any planned procedures based on those 
unages. to a subsequent intervention procedure. Moreover, the fact that the 
imaging modality of the HR apparatus is physically connected to parts of 
the cryosurgery equipment limits its versatility and may in some cases make 
30 it awkward to use for creating preparatory images of an intervention site. 



i. JUL. 2(301 15:39 ^ FXRLICH S PARTNERS 972-3-6127575-. 



20 



25 



30 



ttae i« . ^dely „cog™.cd need for, «d i, ^ ^ 
wMch ^o^, ^^^^^ 

' ::t r'"*" ""^^ ^ j:^: 

»4 wiuch y« provide f„ai.„ .,„^„, 

r™ prior stady Of fte taaged ,i,e, «d specific p,.„, for m«r^-.ntag ta ft. 
s.», <o art„^ ^^.^^ ^ p^^^ ^^^^^ 

operation. 

It Is a further limitation of the HR method that no means areprovided 
for facilitating the x^iating of images obtaix.ed in advance of a surgical 
intervention to a subseqt^t intervention. Yet wher^s ultrasound ima^s 
of a target site can be generated in real time during an intervention L 
MRI techniques may also (if somewhat less easily) also be obtained during 
cryosurgery, other imaging t«.hmques (CT scans, for example) are leas well 
adapted to being produced during the cot^se of an actual cryoaurgery 
intervention. 

Tbus there is a widely recognized need for, and it would be highly 
advantageous to have, an apparatus and method for facilitating the relating 
of images obtained prior st^gery to real-time images. ih>m the same or from 
additional sources, obtained during cryosurgeiy. 

Much is now known about the tis^e-destructive processes of 
cr>-oablation. and about the subsequent short-term and long-term 
consequences to an org^^ such as a prostate which has undergone partial 
cryoablation. The laws of physics relating to the conduction of heat in a 
body. ^Inforced by experimentation and further reinforced by accumulated 
chmcal experience in cryosurgery, provide a wealth of information enabling 
to predict with some accuntcy the effect of a specific planned ctyoablation 
procedure on target tissues. -n,is infoxmadon. and this capability for 
predicuon, is underutilized in current cryosurgery practice. 
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SIP ) „ by Gam Medical Ltd. of Yolcnea.. Israel constitutes a 
^et n. tlu. d.ec.on, in that it. provides a ,vstem fox displaying, and allowing 
an op^ator to manipulate, a three-dimensional .odel of a postate, and 
further ^lows an operator to plan a cryoablat.on intervention and to 
yrsmzc the predicted effect of that planned intervention on the prostate 
t--es. Sin However, is limited in that it does not provide .eans for 
relating apreliminary three dimensional model of aprostate to the prosute 
as revealed in real-time dt^ing the course of a stirgical procedure 
io Moreover, the predictive abUitj- of the SIPS system is limited to predicting 
the extent of the freezing produced by a given deployment of a plurality of 
. cryoprobes over a given time. No assistance is provided to an opemtor in 
discerning interactions between the predicted czyoablation and specific 
structures desired to be protected or to be destroyed. No assistance is given 
15 in predicting long^tenn effects of a given cryoablation procedure. No 
assistance is given in recommending procedures, placement of probes, 
temperature, or timing of an intervention. 

Thus there is a widely recognized need for, and it would be highly 
advantageous to have., apparatus and method for calculating probable 
20 mmtediate. short-term, and long-tenn effects of a planned cryoablation 
procedure, thereby to fadiitate the planning of such a procedure. n,ere Is 
farther a widely recognized need for. and it would be highly advantageous 
to have, apparatus and method for fecilitating the implementation of such a 
plamiedpHKedure. inrealthne, during execution of aplanaed cryoablation. 
25 It is noted that with respect to BPH, the need for such a plamiing and 

facilitation apparatus is particularly strong. 

BPH. which affects a large number of adult men. is a non-cancerotjs 
enlargement of the prolate. BPH frequently results in a gradual squeezing 
of the pottion of the urethra which traverses the prostate, also known as the 
30 prostatic urethra. This causes patients to experience a frequent urge to 
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««.«o« or .tailar di^comfon during .r^^^, ^ * 
flow c« .so .„ . ,e„„, ^^^^ ^ 

~g u,in«, flow beca.. o, „siau=, volume of i„ 
bidder, a co.di,i„„ tao» ,s ^ ^ 

cbstato by BPH c™ ,«d ,0 acute ^ „^o= 

•^.ty u, uri..,.), ^ious ^ ^ ^^^^ ^^^^^ 

and kidney damage. 

30 Most males will eventually suffer flx>m BPH. n,e incidence of BPH 

for men in their fifties is approximately 50 % and rises to approximately 80 
% by the age of 80. The general aging of the United States population, as 
well as increasing life expectancies, is anticipated to contribute to the 
continued growth in the number of BPH sufferers. 

Patients diagnosed with BPH generaUy have several options for 
treatment: watchful waiting, dmg therapy, surgical intervention, including 
transurethral resection of the prostate (TURP), laser assisted prostatectomy 
and new less invasive thermal therapies. 

Various disadvantages of existing therapies have limited the number 
20 of patients suffering from BPH who are actually treated. In 1999 the 
number of patietits actually treated by surgical appn^aches was estitnatld to 
be 2 % to 3 %. Treatment is generally reserved for patients with intolerable 
symptoms or those with significant potential symptoms if txeatment is 
vvithheld. A large number of the BPH patients delay discussing their 
25 symptoms or elect "watchful waiting- to see if the condition remains 
tolerable. 

Thus, development of a less invasive, more convenient, or more 
successful treatment for BPH could result in a substantial increase in the 
number of BPH patients who elect to receive Interventional therapy. 
30 CryoablaUon is a candidate for being such a popularize treatment. 
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With respect to drug therapies: some drugs are designed to shrink the 
prosiate by inhibiting or s]o>ving the growth of prostate ceUs. Other drugs 
are designed to .dax the muscles in the prostate andbladder neck to reUeve 
urethra] obstmction. Current drug therapy generally requi:.s daily 
administration for the duration of the patients life. 

With r^pect to surgical inte.-ventions: the most common surgical 
procedure, transurethral resection cf the prostate (TURP). involves the 
removal of the prostate's core in order to reduce pressure on the urethra 
imp is performed by introducing an electrosurgical cutting loop through a 
cystosoopc into the urethra and "chipping out" both the prostatic urethra and 
sun-ounding prostate tissue up to the surgical capsule, thereby completely 
clearing the obstruction. It will be appreciated that this procedure results in 
a substantial damage inflicted upon the prostatic urethra. 

With respect to laser ablation of the prostate: laser assisted 
prostatectomy includes two similar procedures, visual laser ablation of the 
prostate (V-LAP) and contact laser ablation of the prostate (C-LAP). in 
which a laser fiber catheter is guided through a cystoscope and used to 
ablate and coagulate the prostatic urethra and prostatic tissue. Typically, the 
procedure is performed in the hospital under either geneml or spinal 
anesthesia, and an overnight hospital stay is required. In V-LAP, the burnt 
prostatic tissue then necroses, or dies and over four to twelve weeks is 
sloughed off dtjring urination, in C-LAP,' the prostatic and urethral tissue is 
burned on contact and v^orized. Again, it will be app«cia1«d that these 
procedures result in a substantial damage Inflicted upon the prostatic 



25 urethra 



30 



With re.spect to heat ablation therapies: these therapies, under 
developxnem or practice, are non-surgical, catheter based therapies that use 
thermal energy to preferentially heat diseased areas of the prostate to a 
temperature sufficient to cause cell death. Thennal energy forms being 
utilized include microwave, radio frequency (RF) and high frequency 
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ultrasound energy (HIFU). Both n^crowave and RF therapy systems a. 
cmently being marketed worldvvide. Heat ablation techniques, however 
bum the tissue, causing irreversible damage to peripheral tis^e due to' 
protein denaruration. and destruction of ne^es and blood vessels 
S Furthennore, heat generation causes secretion of substances from the tissue 
which may endanger the surrounding area. 

With respect to transurethral RF therapy: transurethral needle 
ablation (TUNA) heats and destroys enlarged prostate tissue by sanding 
rad,o waves through needles urethrally positioned in the prostate gland 
^0 m procedures prolongs about 35 to 45 minutes and may be perfonned as 
an outpatient pn>ced.^e. However TUNA is less effective than traditional 
surgery m reducing symptoms and improving urine flow. TUNA also bum 
the tissue, causing irreversible damage to peripheral tissue due to protein 
denaturation, and destruction of nerves and blood vessels. Furthermore, as 
^5 already discussed above, heat generation causes secretion of substances 
from the tissue which may endanger the sunoundmg area. 

In contrast to the alternative treatments for BPH listed above 
cryoablation therapy presents significant advantages. THe volume of an' 
enlarged prostate can be reduced, and stricture to the urethra can be 
elunmated. by selective destruction of prostate tissue by cryoablation 
Tissues destroyed by ci^^oablation in bating BPH are gradually absorbed 
by the body, rather than being sloughed offduring urination. 

When the tissues to be cxyoablated are appropriately selected and 
accurately cryoablated, there may be minimal endangerment of vital healthy 
25 functional tissues in p«,:dmity to the prostate. Ihus. cryoablation is an 
important technique for tilting BPH and has potential for becoming an 
mcreasmgjy popular therapy and enabling treatment of a large population of 
suxferers who today receive no effective treatment at all for their condition. 
Thus, there is a widely recognized need for. and it would be highly 
30 advantageous to have, apparatus and method facilitating the planning 
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cryoablation for the treatmefit of Bpp Kx, 

nmr^S. , ^ recommeading appropriwe 

number or piacenxen: of loci for cryoablation ba.ed on a patient's 
Wo^atolo^, thereby helping to .ake this usef.i therapy accessible to 
s'-geons not speciaHzed in this specific n^ethcd of treatment 

Panicularly for surgeons who are not specialist. i„ the particular 
lunae. field of c:yoablahon of the prostate, the. is a widely recognized 
nee for, and it would be highly advantageous to have, apparatus .d 
method which facilitates execution of a planned c^oablation treatment 

oftheprostateorofanotherorganbyprovidingfeedbackontheprogress of 
10 ^ intervention by comparing real W imaging of the intervention site with 
a planning model of the site, providing warnings when freezing, visible in 
ultrasound, approaches areas designated as needing to be protected from 
danaage, or when destruction of tissues asks failing to cover volumes 
designated a^ requiring to be destroyed. Siinilarly. there is a widely 
1^ recognized need for, and it would be highly advantageous to have 
mechanisms for guiding movements of an operator during a cryoablation 
procedure, or for automatically managing the movement of cryosurgical 
took such as cryoprobes during a cryoablation intcP/ention, according to 
mformation based on a plan of the intervention and feedback obtained 
20 through real-time imaging of the intervention site. 

fa one respect, a system for planmng a cryoablation inter.-ention is 
particularly useful. Prior art has given little consideration to the interactive 
effects of a plurality of closely placed cryoprobes. Yet tissues which are in 
proximity to two or more cryoprobes may be cooled by seveml sources 
25 smiultaneously, and consequently achieve a lower temperature than would 
be expected when considering the well-know^ freezing patterns created by a 
single cryoprobe used in isolation. 

Thus there is a widely recogniaed need for, and it would be highly 
advantageous to have, system and metliod for utilizing a plurality of 
30 czyoprobcs lixat takes into account their mutually-reinforcing cooling effect 



3^•JUL.^3al 15:41 ^ EXRLICH a PPRTTERS 372-3-6127575 . . . „ )N0.584 P. 13 




to create a n«r-™fte, f„„ ^ ^ 

.dv^ageo.^ to have a S3.,em and metod for defining a volnme in wluch 
co^zance i. uke of ae mutaaily reinforcing cooling efftc, of a pl»ali» 
of closely piaeed co-oprobe, «> ™„oft,j, aceura»ly defme a border of a 
= c^Won votae, thereby ensuring »,al de«ru«i„n of &sne. wittfe 
that volunK «hiie mini„,i^g ^^.g, y^^^^^ 

SUMMARY .yy T^p 

According to one aspect of the present invention there is provided a 
>» planning system for planning a eryosnrgiafl abMon p««ed», eon.prisi„, 
a first nnaging modaliiy for cre«ing digitized preparatory images of an 
mrerveKionsite. a ttoee-dimensi^tal ^dele, for ereattag a 
three-dimensional model of the in.erv«ion site baaed fl,e digitized 
preparaton. Images; and a simulator for simulating a cryosurgical 
>5 m.e,^•ention. having an interftee nseable by an operator fo, specifying ,ooi 
for msertion of oo-oprobes and operational paramaer, for operaUon of the 
cryoprobes for oyoablating tissues, and a displayer for displaying in a 
common >it„a! spac^ an integrated hnage comprismg a display of said 
three-dimen^onal model of said intervention site ««1 a virtnal displ^ of 
) cryoprobes inserted at said lod. 

According to flirdier features in preferred embodiments of the 
invention described below, the planning sy^ ..^pm^s a memory 
for storing said spedfied loci for insertion of c^obes and said 
operational parameters for operation of said cryoprobes. 

According to stiU ftrther features in the described preferred 
embodiments the fct imaging modality is selected from the group 
consisting of magnetic resonance imaging, ultrasound imaging and 
conrputerized tomography imaging, and the three-dimensional model is 
expressible in a thrc«.dimensionaI Cartesian coordinate ^m 
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Accord ,0 ,ffll forther in ,h, described p,efcn«l 

»bodi™cn« ,he terftce ,I,o ,e,vcs for highli^Sng ,elec«d regio™ 
™to ae t.«e^e„.io„„ „„dd, and tte teg,^ j^j, ^artbe, 
c-oprises a display of ^ ope,at.M,i8hligh,ed region. The interface is 
5 useable by an operau* te iderti^ „ 

.d^ifyingtissucs to bep^eced fiom damage duru,g cryoabto, and to 
-tested image fteber eon,rises a display of said operator-idemified 
assyes K, be ciyoabtoed and af said operator-identifled tissues ,o be 
protected from damage during said ctyoablation. 
■» According to still ftrt,„ fe.^^ ^ ^ ^^^^ 

embodiments the system tether comprises a predictor for p,«dicting an 
e£fec. on tissues of *e patient of operation of the cyoprobes at the loci 
accordtag to the operational parametas, and the model displayer 
additionally displays in the common virtual space a representation of the 
15 predicted effect, 

According to still further features in the described preferred 
embodiments, the systeu, further comprises an evaluator for comparing the 
predicted effect to an operator-defined goal of the procedure. The evaJuator 
is for identifying areas of predicted less-than-total destruction of tissues 
20 within a volume of desired total destruction of tissues as defined by an 
opcmtoi, and for identifying areas specified as r^uiring protection during 
cryoablation which may be endangered by a specified pl«med cryoablation 
procedure, 

According to still further features in the described preferred 
25 cnbodiments, the system comprises a recommender for recommending 
cryosurgical procedures to an ope^tor, the recommendation being based on 
goals of a cyoablation procedure, the goals being specified by an operator, 
and fiirihcr being based on the tht^e^dimensional model of the site, thereby 
facilitating planning die cryoablation procedure. The recoxmnender may 
30 recommend an optimal number of cryopi„bes for use in a cryoablation 
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pr«c«h.e, or an optbnal u^:^ tcr a c^cprobe for u« i„ a 
cryoabWon procedure, „ an ^ ^^^^^^^^ 

for m« u, , c^oabladcn procedm.. The ^commendation ™v be b..ed on 
» .able of opttaal intervendom ba«d on expert recc^nmendKion, or on a 
> .able of optimal inter^nfion, based on compfled feedback fbm a pl„ralih, 
of opemor., and n«y con,pd.e specific locatons for insertion of a 
cn-oprobe .0 affec. cryoabiato. m „ended orocedu«s nay be for 
cryoabWon Of toe, of a p™„a.e, for treating BPH perc>.t«„„n.,y or 
.r««perheally, or for seating a maas or a malignancy, fta ..y, ^ 
•» compri« a meaaure of volume of a prostate, or a measnre of tagth of a 
ar,oture of a wtthra or a measure of symptomatic severity of a BPH 
condition such as an AUA questionnaire score. 

The t^eommendation may be of multiple ctyoprobea closelv placed so as to 
ensure a co„li„«>us cold field sutncient to ensure complete destruction of 
3 tt^es within a target volume, wUle minimizing damage ,„ tissues outside 

said target volume. 

Ax^cording to anoaier aspect of the present invention thei^ i, 
provided 

a surgical fadlitation system for facilitating a cryosurgery ablation 
) procedure, comprising a fii.t imaging modality, for creating digitized 
preparatory Images of an interveution site, a three-dimensional modeler for 
creating a fn.t three-dimensional model of the intcrvaition site based on the 
digitized preparatory images, a second Imaging modality, for crating a 
digit^^ed realtime image of at lea^ apoition of the intervention site during 
a ctyosurgeo' procedure, and an images integrator for integrating 
mtonnation from ihe three-dimensional model of the site and flt>m the 
real-time imaga of the sit. in a common coordinate system, thereby 
producing an integrated hnage. 
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<»mpmmg aplaiming system as dtscribed hertinabove 

According stUl W ^ ^ 

mbcdtaen^ „e s^ca, faoiiita,™ sy«c„, , , 

d.M^ed fa,cg.,ed taage ™y be a taagc or . 

three-dimensiona] image. 

According to still further featu«.s in the described preferred 
10 embodiments the surgical facilitation system fi^ither con^risea a 
thiee.dime.^ioaal modeler for seating a second th^e-dimea^ional model 
of at least a portion of the intervention site based on a plurality of .^Mime 
images. Tie iniages integrator may be operable for integrating information 
from the first three-dimensional model of the site and from th« second 
P .5 three-dimensional model of at least a portion of the site in a common 

coordinate system. 

B According to still further feature in the described preferred 

H embodiments the first imaging modality comprises at least one of a group 

p compnsmg magnetic resonance imaging, ultrasound imaging, and 

:j 20 computerized tomography imaging, and the second imaging „,odality 

J. comprises at least one of a group comprising magnetic resonance imaging, 

ultrasound imaging, and computerized tomography imaging. 

According to still ftrther features in the described preferred 
embodiments the second imaging modality comprises an imaging tool 
25 opeiBble to report a position of the tool during creation of the real-time 
image, thereby providing locaUzing infbtmation about the real-time image 
useable by the images integrator. 

According to still further features in the described prefetred 
embodiments the imaging tool is an ultrasound probe inserted in the rectum 
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of a pauem a.d operable to repcni a distance of penetration in the rectum of 
rhepatient during creation of ultrasound images of a prostate of the patient 
According to still father features in the described prefetred 
embodin^ents the first three-dimensional tnodel is expressed in a 
5 three-dimensional Cartesian coordinate system, 

According to stiU fizrther fcan.es in the described preferred 
embodiments the s-orgicaj facilitation system further comprises an interface 
useable by an operator for highlighting selected regions within the first 
three-dimensional model and the integrated image further comprises a 
^0 display of an operator-highlighted region. The interface is useable by an 
operator for identifying tissues to be a>-oablated or for identif^g tissues to 
beprotected from damage during ciyoablaticn, and integrated image further 
comprises a display of opemtox-identified tissues to be «yo8blated or of 
operator-identified tissues to be protected from damage during said 
15 cryoablation. The interface is also useable by an operator for labeling 
topographic features of the first thrc^dimensional model and of the 
real-time images or of the second three-dimensional model. 

According to still further features in the described preferred 
embodiments the images integrator matches operator-labeled topographic 
.0 features of the first three-dimensional model with operator-labeled feature 
of the ^al-timc images, to orient the first thr«e-dimensional model and the 
real-time image with respect to the common coordinate system. 

According to still further features in the described preferred 
embodiments the images integrator matches operator-labeled topographic 
25 feamres of the first three-dimensional model with operaior-labeled features 
ot the second three-dimensional model, to orient the first three-dimensional 
model and second three-dimensional model with respect to a common 
coordinate system. 

Accordi„g to still further features in the described prefened 
30 embodiments comprises a simulator for simulating a ciyosurgical 
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.nten^ention, the sinmlator comprising an interface useable by an operator 
dunng aplan^xxag phase of the intervention, for specilying loci for insertion 
of cryoprobes and operational par^etex. for operation of the cryoprobes 
for ayoablating tiss^s. the image iniegrator being operable to integ^t. the 
5 operator^specificd loci for ii^ertiou of ciyopxobes into the integrated image 
mid the displayer being operable to display the integrated image. 

According to still further features in the described preferred 
embodiment. th« surgical facilitation system fUrther comprises a fn.t 
comparator for comparing the first thre^dimensional model with the 
10 real-time in,age u> determine differences, a representation of the differences 
bemg father displayed by the displayer in the integrated image. 

According to still lurther features m the described p^ferred 
embodiments the surgical facilitation system further comprises apparatus 
for providing feedback to an op^ator regarding position of tools being used 
IS dunng a surgical intervention as compared to the loci for insertion of 
cryoprobes specified by an operator during the planning phase of the 
ii^tervaition. The system further comprises apparatus for p«>viding 
feedback to an operator regarding position of tools being used during a 
surgical intervemion as compared to operator-identified tissues to be 
20 cryoablated. and apparatus for providing feedback to an operator regarding 
position of took being used during a surgical intervention as compaj^d to 
operator.id^itified tissues to be protected during ayoablation. and 
apparata, for guiding an operator in the placement of cryoprobes for 
affecting ciyoablation. the guiding being according to the loci for insertion 
25 of c^'oprobes specified by at. operating during the pla^uiing phase of flie 
intervention. 

According to still further features in the described preferred 
embodiments the surgical facilitation system fiulher comprises apparatus 
for limiting movement of a cryoprobes during a ctyoablation intervention. 
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the limitation being according to the loci for insertion of cryoprobes 
specified by an operating during the planning phase of the intervention. 

According to still further features in the described preferred 
embodiments the surgical facilitation system fttther comprises a cryoprobc 
3 displacement apparatus for moving at lea.t one cryoprobe to at least one of 
the loc. for insertion of cryoprobes specified by an operating during the 
planning phase of the intervention. 

According to still further features in the described preferred 
embodiments the cryoprobe displacement apparatus comprises a stepper 
•0 motor and a position sensor, and the surgical facilitation system is operable 
to affect cooling of the at least one ciyoprobe, heating of at least one 
cryoprobe, and is operable to affect scheduled movement of at least one 
cryoprobe coordinated with scheduled alternative heating and cooling of at 
least (Hie cryoprobe, to affect cryoablation at a plurality of loci. 

According to yet another aspect of the present invention there is 
provided 

a cryoablation method for ensuring complete destniction of tissues v^Hm a 
selected target vohune while minimizi«g destruction of tissues outside the 
selected target volume, comprising deploying a plurality of cryoprobes in a 

20 dense an^y within die target volume, and cooling the cryoprobes to affect 
cryoablation, ^hile limiting the coollng to a tempemtore only sMghtly belo;v 
a temperature ensuring complete destruction of tissues, thereby Umiling 
destructive range of each cooled cryoprobe, the plurality of cryoprobes 
being deployed in an array sufficiently dense to ensure destruction of tissues 

25 within the target volume. 

According to still further features in the described prefernsd 
embodim ents the method firrthcr comprises a plamier for planning ttre dense 
anay. the planner utilizing a three-dimensional model of die target volume 
to calculate a required density of the dense anay of deployed «yoprobes 
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operated at a selected tempemture. to affect complete destruction of tissues 

yithin the selected target volume. 

According to stiU further features in the described prefen^d 

embodiments the method further comprises using a planner for planning the 

dense array, the planner utilizing a three-dimemional model of the target 
volume to calculate, for a plurality of ayoprobes deployed to a selected 
anray of freezing loci, a temperature and duration of cooUng for each of the 
ciyoprobes sufficient to affect complete destruction of tissues within the 
selected target volume, while also minimizing cooling of tissues outside of 
the selected target volume. 

According to yet another aspect of the present tevention there is 
provided a cryoablation method ensuring complete destruction of tissues 
within a selected target volume while minimizing destruction of tissues 
outside the selected target volume, comprising utilizing cryoprobes to affect 
cryoablation at a phralitj- of freezing loci, the loci being of a first iype and 
of a second type, the first type being located adjacent to a surface of the 
selected target volume and the second type bemg located at an interior 
porUon of the sebcted target volume, and cooling cryoprobes deployed at 
loci of the first type to a first degree of cooling and cooling cryoprobes 
deployed at loci of the second t>pe to a second degree of cooling, the first 
degree of cooling being less cooJing than the second degree of cooling, 
thereby affecting wide areas of destruction around each ciyoprobe deployed 
at loci of the second type and narrow areas of destruction around each 
cryoprobe deployed at loci of the first type, thereby ensuring complete 
destmction of tissues within a selected target volume while minimizing 
destruction of tissues outside the selected target volume . 

According to still fUtther features hi the described preferred 
em^oodhnentB ciyoprobes deployed to freezing loci of the first type are 
cooled to a first temperature and cryoprobes deployed to freezing loci of the 
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bemg lower than the first temperarure. 

According .0 ,un fcrter fca.u«, fa ^ i^^,,, 

= cooUi f„ a fc, „f ^^^^^^ ^ ^^^^ 

4. «co„d we «e cooled for . seco™. tagft of .tac. ft, «cond teng* „f 
toe being longer the fcsf length of time. 

According ,o ,ffl, ftahe, f«,ures in the descriW prcft,^ 
emb,di.„e„tstt,en,e,hoditehcoon,pris„ap,™„ftrp,^4.,„,, 
10 am.y, the pl™« utilising . th^e^imensional modd of the target volume 
.0 cdculate. for a given amy <,f fteeeing loci, . r.,„ir«l ,«,pa„,^ and 
^ of cooling tin,, fo, loci of the fir,, t^e and for loci of th. .ccond 
WC to affect complete dcstniodon of tissue, within the selected target 
volume *hile niintaiang dcsn^ction of issue, outside the selected tarset 
13 volume. 

According to yet another aspect of the present invention there is 
provided 

a method for planning « cryosurgical ablation procedure, comprising 
utUizmg a first imaging modality to create digitized p^aratory image, of 
20 an mtervention site, titilizine a three-dimensional modeler to create a 
three-dimensional model of the inteivention site ba.ed on the digitized 
Preparatory images, and utUizing a simulator having an interface useable by 
an operator for specifying loci for msertion of ctyoprobes and for specifying 
operatic^al parameters for operation of the co^oprcbes. to specify loci for 
25 msertion of ciyoprobcs and operational panmiete^ for operation of the 
enrobes for ciyoaWating dsst^as. tliereby simulating a planned 
cryosurgical ablation procedure. 

According to still further features in the described prefe^ed 
embodiments, the method further comprises .tlli^ing a displayer to display 
30 m a common virtual space an integrated Image comprising a display of the 
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thr^e-dimensional model of the intervention site and a virtual display of 
cryoprobes inserted at the bci. and uTilizix.g a memory to store the specified 
loci for insertion of cxyoprobes and the operational parameters for operation 
of the cryoprobes. The first imaging modality is selected from the group 
^ cons^ting of magnetic resonance imaging, ulixasound imaging and 
computerised tomography imaging. TH. three-din^ensional mod.l is 
expressible in a three-dimensional Cartesian coordinate system. The 
method further comprises utilizing the interface to highUght selected 
regions within the three-dimensional model. Highlighting maybe be used to 
10 Identify tissues to be cryoablated and to identifl; tissues to be protected from 
damage during ciyoablation. 

According to still further features in the described preferred 
embodiments the method further comprises utilizing a predictor to predict 
an effect on tissues of the patient of operation of th. cxyoprobes at the loci 
15 according to the operational parameters, and the model displayer 
additionally displays in the common virtual space a representation of the 
predicted effect. 

According to stiU ft,rther features in the described preferred 
embodiments the method furtha: comprises utilizing an evaluator to 
20 <='>mparetbeprediotedclfecttoanoperaior-definedgoaloftheprocedure. 

According to still further' features in the described preferred 
embodiments the method further comprising utilizing the evaluat«r to 
identiiy areas of predicted less-lhan-total destruction of tissues within a 
volume of desired total destruction of tissues as defined by an operator, and 
25 utilizing the evaluator to identify areas specified as requiring protection 
during ciyoablation vvhich may be endangered by a specified planned 
Ciyoablation procedure. 

According to still ftoher features in the described preferred 
embodiments tl.e method further comprises utilizing a recommendcr for 
30 recommending ciyosutgical proccdar^s, the recommendation being based 
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on goals of a cryoablation procedure, the goals being specified by an 
operator*, and further being based on the three-dimensional model of the 
site. ITie recomraender recommends an optimal number of cryoprobes for 
use in a cryoablation procedure, an optimal temperature for a cryoprobe for 

5 use in a cryoablation procedure, an optimal duration of cooling for a 
cryoprobe fox use in a ciyoablation procedure. He recommendation is 
based on a table of optimal interventions based on expert recommendations, 
or on a table of optimal inten^entions based on compiled feedback from a 
plurality of operators. 

0 According to still further features in the described preferred 

embodiments the recommendation comprises specific locations for insertion 
of a cryoprobe to affect cryoablation. 

According to still fbrtJber features in the described preferred 
embodiments the recommended procedures are for ci^'oablarion of tissues 

5 of a prostate. 

According to still further features in the described preferred 
embodiments the recommended procedures are for treating BPH, 
percutaneously or transperineally. 

According to still fUrther features in the detK^ribed preferred 
embodiments the recommended procedures are for treating a mass. 

According to still fUrthcr features in the described preferred 
embodiments the recommended procedures are for treating a malignancy,. 

According to stiU fiirther features in the described preferred 
embodiments the table comprises a measure of volume of a prostate. 

According to still further features In the described preferred 
embodiments the table comprises a measure of length of a stricture of a 
urethra. 

According to still further features in the described preferred 
embodiments the table comprises a measure of symptomatic severity of a 
BPH condition. 
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According to still ftmher features in the described preferred 
embodiments the measure of symptomatic severity of a BPH condition is an 
AUA score. 

According to stilJ further features in the described preferred 
5 embodiments the recommendation is of multiple ciyoprobes closely placed 
so as to ensure a continuous cold field sufficient to ensure complete 
destruction of tissues within a target volume, while minimizing damage to 
tissues outside the target volume. 

According to still another aspect of the present invention there is 
10 provided a method for facilitating a cryosurgery ablation procedure, 
comprising utilizing a first imaging modaliry for creating digitized 
preparatory images of an intervention site, utilizing a three-dimensional 
modeler for creating a first three-dimensional model of (he intervention site 
5 ^^^^ digitized preparatory images, utilizing a second imaging 

v3 niotiality for creating a digitized real-time image of at least a portion of the 

n intervention site during a cryosurgery procedure, and utilizmg an images 

W integrator for integrating information from the thr«e-diraensional model of 

U *® real-time image of the site in a common coordinate 

system, thereby producing an integrated image the site, facilitative to an 
20 operator practicing a cryoablation procedure . 
g According to stUl further features in the described preferred 

embodiments the method ftirther comprises utilizing a planning method. 

According to still fiirther features m the described preferred 
embodiments the method ftirther comprises utilizing a displayer for 
23 displaying the integrated image hi a common virtual space. 

Accordmg to still further features in the described preferred 
embodiments the displayed integrated image is a two-dimensional image. 

According to still further features in the described prefeired 
embodiments the displayed integrated image is a three-dimensional image. 



! 
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According to still ftirther features in the described preferred 
embodiments Hie method further comprises utilizing a three-dimensional 
modeler for creating a second three-dimensional model of at least a portion 
of the intervention site based on a plurality of real-time images. 

According to still further features in the described preferred 
embodiments he method further comprises utilizing the images integrator to 
integrate information from the first three-dimensional model of the site and 
fix»m the second three-dimensional model of at least a portion of the site in a 
common coordinate system. 

Accordmg to still fiirther features in the described preferred 
embodiments the first imaging modality comprises at least one of a group 
comprising magnetic resonance imaging, ultraso\md imaging, and 
computerized tomograi^hy imaghig. 

According to stiU further features in the described preferred 
embodiments the second imaging modality comprises at least one of a 
group comprising magnetic resonance imaging, ultrasound imaging, and 
computerized tomography Imaging. 

According to still further features in the described preferred 
embodiments the method further comprises utilizing an imaging tool to 
repon a position of the tool during creation of the real-time image, thereby 
providing localizing information about the real-time image useable by the 
images integrator. 

According to still further features in the described preferred 
embodiments the imaging tool is an ultrasound probe inserted in the rectum 
of a patient operated to report a distance of penetration of tbe tool in the 
rectum of the patient during creation of ultrasound images of a prostate of 
tbe patient. 

According to .stfll further features in the described preferred 
embodiments the first three-dimensional model is expressed hi a 
three-dimensional Cartesian coordinate system. 



31.JUL.2C301 35 = 47 EHRLTCH & PPR1TCR5 972-3-6127575 ■ NO. 584 P,26. 




m 
il 

a I 



According to still ftmher features in the described preferred 
embodianeuts the method fimher cotaprises utilizing an interface to 
highlight selected regions within the first three-dimensional model. 

According to still further features in the described preferted 
5 embodmients the integrated image comprises a display of an 
operator-highlighted region. 

According to still further features in the described preferred 
embodiments the method further comprises utilizing the interface for 
identifying tissues to be cryoablated. 
10 According to stiU further features in the described preferred 

embodiments the integrated image further comprises a display of the 
operator-identified tissues to be cryoablated. 

According to still further features in the described preferred 
embodiments be method further comprises utilizing the interface for 
15 identifying tissues to be protected from damage during oryoablation. 

According to still ftoher features In the described preferred 
embodiments the integrated image fiirther comprises a display of the 
operator-identified tissues to be protected from damage during the 
cryoablation. 

20 According to stiJJ fltrther features in the described preferred 

embodiments the metliod further comprises utiUzing the interface for 
labeling topographic features of ihe Srst three-dimensional model. 

According to still further features in the described preferred 
embodiments the method further comprises utilizing the interface for 
25 labeling topographic features of the real-time images. 

According to still further features in the described preferred 
embodiments the method fiirther comprises utiUzing the interface for 
labeling topographic features of the second three-dimensional model. 

According to stiU fiirther feahires in the described preferred 
30 embodiments the Images integrator matches qperstor-labeled topographic 
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features of the first three-dimensional model with opemtor-labeled features 
of the r^il-time images, to orient the first three-dimensional model and the 
real-time image with respect to the common coordinate system. 

According to still forther features in the described preferred 
5 embodiments the images integrator matches operator- labeled topographic 
features of Ae first three-dimensional model with opemtor-labded features 
of the second three-dimensional model, to orient the first three-dimensional 
mode! and second three-dimensional model with respect to the common 
coordinate system. 

According to still flirther features in the described preferred 
cmbodb«ents the method further comprises simulating a cryosurgical 
intervention by utilizing a simulator having an internee, and utilizing the 
interface during a plamimg phase of the intervention to specify loci for 
insertion of ciyoprobes into a cryoablation site in a patient and to specify 
15 operational parameters for operation of the ciyoprobes for ciyoablating 
tissues, and fUrther utilizing the image integrator to integrate the specified 
loci bto the int^ated hnage, and utilizing the displayer to display the 
integrated image. 

According to still further feamres in the described preferred 
20 embodiments the method further comprises simulating a ciyosurgical 
intervention by receiving from an operator during a planniiig phase of the 
intervention specifications of loci for insertion of cryoprobes Into a 
ctyoablation site and operational parameters for operation of the ciyoprobes 
for ayoablating tissues, utilizmg the image integrator 1« integrate the 
23 operator-specified loci into the integrated image, and utilizing fte displayer 
to display flie integrated image . 

According to stiJl further features hi the described preferred 
embodunents the method further comprises utilizing a first comparator fbr 
comparing the fir^t three-dhnensional model vd± the real-time image to 
30 determine differences. 
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According to still ftinher features in the described preferred 
embodimenta the method toher comprises utilizing apparatus for 
providing feedback to an operator regarding position of tools being used 
during a surgical Intervention as compared to the loci for insertion of 
cryoprobes specified by an operator during the planning phase of the 
intervention. 

According to stiU ftrther features in the described preferred 
embodiments the n^ethod further comprises providing feedback to an 
operator reganling a position of a tool being used during a surgical 
intervention as compared to the loci for insertion of ctyoprobes specified by 
an operator during the planning phase of the intervention. 

According to still fUrtler features in the described preferred 
embodiments the method further comprises utilizing apparatus for 
providing feedback to an operator regarding a position of a tool being used 
during a surgical intervention as compared to a position of 
operator-identified tissues to be ctyoablated. 

According to still further feanares in the described prefen-ed 
embodiments the method further comprises utUizing apparatus for 
providing feedback to an operator regarding a position of a tool being used 
during a surgical intervention hs compared to a position of 
operator-identified tissues to be protected during ciyoablation. 

According to still further features in the described preferred 
embodiments the method flmher comprises utilizing apparatus for guiding 
an operator in the placement of cryoprobes for affecting ciyoablation, the 
guiding being according to the loci for insertion of cryoprobes specified by 
an operating during the planning phase of the intervention. 

According to still further features in the described preferred 
embodiments the method further comprises guiding an operator in the 
placement of ciyoprobes for affecting cryoablation, the guiding being 
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according to the loci for insertion of cr>'oprobes specified by an operating 
during the planning phase of the intervention. 

According to still ftrther features in the described preferred 
embodiments the method further comprises utilizing apparatus for limitmg 
movement of a cryoprobe during a cryoablation intervention, flje limitation 
being according to the loci fot insertion of cryoprobes specified by an 
operating during the planning phase of the intervention. 

According to still further features in the described prefened 
embodiraenta the method further comprises utiliziivg cryoprobe 
displacement apparatus for moving at least one cryoprobe to at least one of 
the loci for insertion of cryoprobes specified by an operator during the 
planning phase of the intervention. 

Acconling to stUl fiirther features in the described prefenred 
embodiments ttie method further comprises utilizing a stepper motor to 

5 mo'/c the cryoprobe. 

According to still fiirther features in the described preferred 
embodiments the method fimher comprises utilizing a position sensor to 
sense a position of the cryoprobe. 

According to still fiirther features in the described preferred 
10 embodiments the method further comprises utilizing control apparatus to 
control cooling of the at least one cryoprobe. 

According to still fiirther features in the described prefenred 
embodiments the method further comprises utilizing control apparatus to 
control heating of the at least one cryoprobe. 
25 According to still further features in the described preferred 

embodiments the method farther comprises controUing the at least one 
cryoprobe according to a schedule of movements coordinated with a 
schedule of alternative heating and cooling of the at least one cryoprobe. to 
affect cryoablation at a plurality of loci. 
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Tbt pte^nt inveatien successfully addr«s« the sho«comi«gs of te 
,r^«.^ !a,o^™ configurafcns by providtag e system end me&od for 
effectively ptoins a cyoabl^tion procedure by stouUting such . 
procedure based on preparatory imaging of a targC site to a patien. by 
5 si.uulati»g the procedure, by recommending procedural steps and by 
evaluating procedural steps specified by a user. 

The present invention fWher successfully addresses the 
shortcomings of the preseolly Icnown configurations by providing a system 
and method for f»:iUt.ttag a cryoablation intervention by relatmg 
.0 preparatory hnaging of a site, and plans for intervening at that s.te, to 
real-time images of the she during cryoablatioa 

The present invention further successfitily addresses the 
shortcomings of the presentiy know configuration, by providing a system 
and method for completely destro>ing targ« tissues at a crj'oablation site 
,5 ,vhUe limiting damage to healthy tissues ta close proximity to that site. 

implememation of the method and tire apparatus of the present 
invention tovolves performing or completing selected tasks or steps 
manually, automatically, or a combtoation thereof. Moreover, accordmgto 
acmal mstrumentation and eqdpmenl of preferred embodiments of the 
„ metirod «td apparahis of the presetn invention, seveml selected steps could 
be toptoented by hardware or by software on any operating system of »,y 
toware or a combination toof. For example, as hardware, control of 
selected steps of flte invention could be implemented as a chip or a ctrcmt. 
AS soft«are. control of selected steps of the invention could be 
„ implemented as a plut^ity of software inshuctions betag executed by a 
computer using any suitable operating system. In any case, selected steps of 
fte method of .he invention could be described as beuig controlled by a data 
processor, such « a computing platibmt for executing a plurality of 
instructions. 
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nPS^I^ rPTTON OF THF DRAWINGS 

The invemion is herein described, by way of example only, with 
reference to the accompanying drawings. With specific reference now to the 
drawings in detail, it is stressed that the pardculBrs shown are by way of 
example and for purposes of illustrative discussion of the preferred 
embodiments of the present invention only, and are presented in the cause 
of providing what is believed to be the most useful and readily understood 
description of the principles and conceptual aspects of the invention. In this 
regard, no attempt Is made to show structural details of the invention in 
more detail than is necessary for a fundamental understanding of the 
invention, the description taken with the drawings making apparent to those 
skilled in the art how the several forms of the invention may be embodied in 

practice. 

In the drawings; 

FIG. la is a graph showing the profile of temperature distribution 
within Bn ice-ball fonued at the tip of a cryosurgical probe; 

FIG. lb is a graph showing the effectiveness of a cryosurgical 
treatment, given in percentage of tissue destruction, as a function of 
temperature; 

FIOs. 2a-2c are cross sectional views of an ice-ball formed at the tip 
of a conventional cryosurgical probe introduced into a patient's prostate; 

FlGs. 3a-3b are cross sectional views of two ice-balls formed at the 
tips of cr>'0surgica! probes introduced into a patient's prosl^te^ according to 

methods of the prior art; 
j5 FIG. 4 is a cross sectional view illustrating a method for treating a 

patient's prostate, according to methods of the prior art; 

FIG. 5 is a cross sectional view iUustrating a further method for 
Ureating a patient's prostate, according to methods of the prior art; 

FIG. 6a is a schematic iUustration of a raulti-probo cr>'osurgical 
30 device according to methods of the prior ait: 
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no. 6b is a schematic illustration of a pre-cooling elemeat according 

to methods of the prior art; 

FIO. 7 is a schematic longitudinal section of a preferred cryosurgical 

probe according to methods of the prior ait; 
; FIG. 8 is a perspective view of a guiding element for receiving 

cryosurgical probes, the guiding element being connected to an ultrasound 
probe, acccH'ding to methods of the prior art; 

FlQs. 9 and 10 illustrate a method including the steps of forming a 
three-dimensional grid of a patients prostate and introducing cryosurgical 
10 probes thereto, accordii^ to mediods of the prior art; 

FIG. 11 is a simpUfied block diagram of a planning system for 
planning a cryoablation procedure, according to a first preferred 
embodiment of the present invention; 

FIGs. 12a- 12b are a flow chart showing a method for automatically 
15 generating a recommendation relating to a cryoablation procedure, 
according to an embodiment of the present invention; 

FIG, 13 is a chart showing temperature profiles for several 
cryoablation methods, is useflil for understanding Figures 14 and 15: 

FIG. 14 is a simplified flow chart showing a method for ensuring 
20 total destruction of a selected volume whUe limiting damage to tissues 
outside that selected volume, according to an embodiment of the present 
invention; 

FIG. 15 is a simplified flow chart showing another method for 
ensuring total destruction of a selected volume while limiting damage to 
25 tissues outside that selected volume, according to an embodiment of the 

present invention; 

no. 16 is a simplified block diagram of surgical fiicilitation system 
for facilitating a cryosurgery ablation procedure, according to an 
embodiment of the present invention; and 
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FIG. 17 is a schematic diagram of mechanisms for control of 
cryosurgical tools by a surgical facilitation system, according to an 
embodiment of the present invention. 

5 DESCRIPTTQN OF THE PREFERRED EMBO DIMENTS 

The present invention relates to system and method for planning a 
cryoablatiott procedure and to system and method for facilitating a 
cryoablation procedure. More panicularly, the present invention relates to 
the use of integrated images displaying, in a common virtual space, a 
10 three-dimensional model of a surgical intervention site based on digitized 
preparatory images of the site from first imaging modalities, simulation 
images of ciyoprobes used according to an operator-planned cryoablation 
procedure at the site, and real-time images provided by second imaging 
modalities during cryoablation. The present invention further relates to 
15 system-supplied recommendations for and evaluations of the planned 
cryoablation procedure, and to system-supplied feedback to an operator and 
system-st^plied guidance and control signals for operating a cryosurgery 
tool during cryoablation. The present invention still further relates to 
methods for gencratiiig a nearly-uniform cold field among a plurality of 
20 ci>'oprobes, for crycablating a volume with smooth and weU-dcfmed 
borders. 

For purposes of better understanding the present invention, reference 
is first made to the constmction and operation of conveotional (i.e., prior 
art) systems as illustrated in Figures 1-10, 

25 FIG. la illustrates the profile of temperature distribution across an 

ice-ball formed at the tip of a cryosurgical probe. As shown, the 
temperature at a surface 5 of the ice-baU is 0' C, The temperature declines 
exponentially towards a center 1 of the ball where it preferably reaches the 
value of -170" C, such that an isothermal surface 7 of about -40° C is 

30 typically located within the ice-baU at flie halfway between the cesater of the 
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ball and its surface. Thus, if the ice-ball features a radius R, then the radius 
of the -40° G isothermal surface 7 is about R/2. 

FIG. lb. is a graph showing the effectiveness of a cryosurgical 
treatment (given in percentage of tissue destruction) as a function of 

5 temperature, As shown^ the temperature required for eifcctively destroying 
a tissue is at least about -40^ C. Accordingly, in order to effectively destroy 
a tissue, the isothermal surface of -40'' C (shown in FIO. la) should be 
placed at the periphery of the treated tissue so that the entire area of the 
treated tissue is exposed to at least about -40'' C, thereby exposing adjacent 

10 healthy tissues and organs to the external portion of the ice-ball. The 
application of temperatures of between about -40'' C and 0° C to such 
healthy tissues usually causes substantial damage thereto, which damage 
may result in temporary or permanent unpainnetit of ftmctional organs. 

FiGs. 2a-2c illustrate prior-srt cryosurgical methods wherein a single 

15 crj'osurgical probe of a substantially large diameter, typically 3-5 
millimeter, is introduced between the patient's prostatic urethra and the 
periphery of the prostate, so as to destroy the prostatic tissue extending 
therebetween. 

Specifically. FIGs, 2a-2c are cross sectional views of an ice-ball 9 
20 formed at the end of a conventional cryosurgical tip introduced into a 
prostate 2 of a patient. The patient^a prostatic urethra, rectum and nerves are 
designated as 4, 3, and 6 respectively. 

A single ice-baJl 9 is formed within the prostatic tissue segment 
extendmg between the prostatic urethra 4 and the periphery of the prostate 
25 13. The dimensions of a conventional cryosurgical probe are designed so as 
to provide an ice-ball 9 having an inner portion 10 extending through a 
substantially significant portion of such a tissue segment, so as to apply 
tempcratoi^es of between about -17(r C and about -40^ C thereto. The 
application of a single probe for producing a single ice^ball 9 imposes a 
30 trade-off between several options. 
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FIGs. 2a and 2b illustrate the trade-off between a first option Of 
avoiding the dsunaging of the paticnf s prostatic urethra 4 yet damaging 
nerves 6 present close to the periphery 13 of the prostate 2 (FIG. 2a), arid a 
second option of avoiding the damaging of the patient's nerves 6 yet 
5 damaging urethra 4 (FIG. 2b), 

As shown in FIG. 2a, the isothermal surface 7 of -40° C is positioned 
substantially at the periphery 13 of the patient's prostate 2, such that surface 
5 of the ice-ball 9 is positioned substantially near the patient's urethra 4, so 
as to avoid damaging of the patient's urethra 4. Tiius, the inner pwtion 10 
10 of ice-ball 9 effectively freezes the peripheral regions (in cross section) of 
the prostate, while outer portion 12 of ice-ball 9 extends through the 
patienVs nerves 6. The application of temperatures of between about -40"* C 
and 0** C to the patient's nerves 6 may result in temporary or permanent 
impairment thereof. 

15 Similarly, when ice-ball 9 is positioned between the patient's urethra 

4 and rectum 3 in such a manner so as to avoid the damaging of urethra 4, 
the application of between about -40° C and 0° C to the patient's rectum 
naay result ui temporary or permanent impairment thereof. 

As shown in FIG. 2b, the isothermal surface 7 of -40° C is positioned 

10 substantially near the patient's urethra 4 such that surface 5 of ice-ball 9 is 
positioned substantially near the patient's nerves 6 and/or rectum 3 (not 
shown), so as to avoid damaging of the patient's nerves 6 and/or rectum 3, 
Thus, inner portion iO of ice-ball 9 effectively freezes tlie central regions 
(in cross section) of prostate 2, while outer portion 12 of ice-ball 9 extends 

25 through the patient's urethra 4. The application of temperatures of between 
about 40° C and C to the patienf s urethra 4 may result in temporarj^ or 
pcnnanent bnpalrment thereof. 

However, none of the ahematives shown in FIGs. 2a and 2b provides 
an effective treatment (temperature of at least about -40° C) to the entire 
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prostatic tissue segment extending between urethra 4 and the peripher>' 13 
of the prostate, thereby exposing the patient to the risk of malignancy. 

FIG. 2c shows another possible alternative wherein a thicker 
cr>'03urglcal probe, having a Tip diameter of between 4 and 6 millimeters is 

5 used for producing a lager ice-ball, of about 4-5 ceniimeters in diameter, so 
as to enable effective treatment of the entire prostatic tissue segment 
extending between the urethra 4 and periphery 13 of prostate 2. As shown, 
inner portion 10 of the ice-ball 9 extends through the entire tissue segment 
(in cross section) between urethra 4 and periphery 13 of the prostate, 

10 thereby exposing urethra 4 and nerves (not shown): as well as the rectum 3, 
to outer portion 12 of the ice-ball 9. 

The thickness (in cross section) of tissues exposed to outer portion 
12 of the ice-ball is about R/2, wherein R is the radius of ice-ball 9. Thus, 
the volume of adjacent tissues exposed to damage becomes substantially 

15 greater ihaii the volume of the treated tissue. 

ThuSj the conventional cryosurgical probes and methods fail to 
provide the necessary resolution of treatment required for enabling an 
accurate and effective destruction of a tissue while preserving other tissues 
and organs adjacent thereto. 

20 FIGs. 3a and 3b are schematic illustrations of a cryosurgical method 

according to another method of prior art, wherein a plurality of crj'osurgical 
probes of substantially small diameters are introduced between the patient's 
prostatic urethra 4 and periphery 13 of prostate 2* so as to destroy the 
prostatic tissue extendfaig therebetween, 

25 As shown in FIG. Sa^ preferably two probes are inti^oduced into a 

prostatic tissue segment extending between the patient* s prostatic urethra 4 
and periphery 13 of prostate 2, so as to form two smaller ice-balls, 9a and 
9b. 

According to the configuration shown in FIO. 3a, each of ice-balls 9a 
30 and 9b features a radius ofK% which is half the radius of ice-ball 9 shov^Ti 
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m FIG. 2c. Accordmglyi ice-balls 9a and 9b include respective inner 
portions, 14a and 14b, each having a radius of R/4, and respective outer 
portions. 16a and l6b, each having a thiclcness of R^4. 

Therefore, by introducing two probes of a small diameters rather than 
5 a single probe of a larger diameter into the tissue segment extending 
between prostatic urethra 4 and periphery 13 of prostate 2, the thiclmeas of 
adjacent tissues exposed to damage is substantially decreased. The specific 
example of FIG. 3a shows that the thickness (in cro&s seciion) of adjacent 
tissues exposed to between about -40"* C and 0° C is only R/4, which is half 
10 the thickness and respectively much less the volume (e.g.^ 8 fold less), 
exposed to damage when using the prior art method (shown in FIG. 2c). 

By further decreasing the diameter of the cryosurgical probes and 
introducing a plurality of probes into the tissue segment extending between 
urethra 4 and periphery 15 of prostate 2, the damage to surrounding tissues 
15 may be further minimized, thereby improving the resolution of the 
cryosurgical treatment. 

Another prior art embodiment is shown in FJG. Sb, wherein two 
probes are introduced into the tissue segment extending between the 
patient's urethra 4 and periphery 13 of prostate 2, so as to form two ice-balls 
20 9a and 9b, such that inner portion I4a of ice-ball 9a is substantially spaced 
from inner portion 1 4b of ice-ball 9b, and outer portion 16a of lce*ball 9a 
partially overlaps outer portion 16b of ice-ball 9b, the overlapping region 
being designated as 17, The specific example shown in FIG. 3b is of two 
ice-balls each having a radius of R/5, wherein R is the radius of a 
25 conventional ice-bsdl as shown in FIG. 2c. By ustog such configuration, the 
thickness of adjacent tissues exposed to damage is decreased to BJS and the 
volume thereof is deci^ased respectively. It will be appreciated that in the 
example given substantial fractions of region 17, ftom which heat is 
extracted by two probes, will become cooler than -40^ C. 
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The specific examples shown in FIQs. 3a and 3b are of two ice-balls 
having tangent and spaced inner portions, respectively* However, a 
plurality of probes may be used, each having a distinct diameter, the inner 
portions of which being tangent or spaced. 



illustrating the distribution of a plurality of cryosurgical probes across a 
patient's prostate, wherein a single probe is introduce into a tissue segment 
extending between prostatic urethra 4 and periphery 13 of prostate 2. 
According to such a prior art method, about 5-7 probes are introduced faito 

10 the patient's prostate, wherein eadi of the probes features a diameter of 
about 3 millimetars. FIG. 4 shows a specific example wherein five probes 
are introduced so as to form five ice-balls having inner portions lOa-lOe and 
outer portions 12a-12e. As shown, an effective treatment is provided by 
inner portions 10a- lOe, and regions therebetween marked 19^ only to limited 

15 regions of the prostate^ wherein the damage caused to adjacent tissues such 
as the patient's urethra 4, rectum 3 and nerve 6b by outer portions 12a-12c is 
comiderable, 

FIG. 5 shows a preferred distribution of cry^osurgical probes 
accordhig to another method of prior art. As shown, at least two 

20 cryosurgical probes of substantially small diameter are introduced into 
specific segments of prostatic tissue extending bet^'een urethra 4 and 
peripherj^ 13 of prostate 2. ¥10. 5 sho ws a specific example wherein twenty 
probes are introduced bto the patient's prostate 2, including five pairs of 
inner and outer cryosurgical probes located at specific segments of the 

25 prostate extending from the urethra 4 to peripher>' 13, and additional (five 
pairs in the example given) of outer cryosurgical probes are introduced 
therebetween. The inner portions of the ice-balls formed by the pairs of 
outer and inner probes are designated as I4a and 14b, respectively^ wherein 
the inner portions of the ice-balls formed therebetween are designated as 



5 



Referring to FIG. 4, a prior-art cryosurgical method is shown, 



30 14a 
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The diamet^ir of a single cryosurgical probe according to the prior art 
method presented in FIG. 5 is preferably between about 1 .2 milliraeters and 
about 1.4 millimeters. 

As shown, such distribution of substantially small diameter 
5 cryosurgical probea enables to provide an effective treatment of at least •40'^ 
C, to a larger area of the prostatic tissue while substantially minimizing the 
thickness of healthy adjacent tissues exposed to damage. 

Thus, the prior art method presented in FIG. 5 substantially increases 
the effectiveness and resolution of treatment relative to the prior art method 
10 presented by FIG. 4. 

The pattern of distribution of probes shown in FIG. 5 includes an 
inner circle and an outer circle of probes, wherein a portion of the probes is 
arranged in pairs of an inner probe and an outer probe. According to 
another configirotion (not shown), the probes are arranged in an inner circle 
15 and an outer circle, but not necessarily in pairs of an inner probe and an 
outer probe. 

The probes may be sequentially Introduced to and extracted from ttie 
patient's prostate so as to sequentially freeze selected portions thereof A 
method of quick extraction of the probes without tearing pieces of tissue 
20 from the patient, which stick to die tip of the probe, is disclosed 
hereinunder. 

The introduction of a plurality of small diameter cryosurgical probes 
improves the resolution of treatment along the planes perpendicular to the 
axis of penetration of the probes into the prostate. However, the prostate, as 

25 other anatomical organs, features au asymmetric three dimensional shape. 
Thus, a specific pattern of distribution of probes may provide an effectave 
treatment to a distinct plane located at a specific depth of penetration, but at 
lite «ame time may severely damage non-prostatic tissues located at other 
depths of penetration. There is need for cryosurgical method and apparatus 

30 which enable high resolution of treatment along and perpendicular to the 
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axis of penetration of the probes into a patient^s organ. Presented 
hereinbelow U a cr>'osurgical method and apparatus according to prior art 
which enable high resolution of treatment along the axis of penetration of 
the cryosurgical probe into the patient's organ as well as along the planes 
3 perpendicular to the axis of penetration, wherein these high resolutions are 
achieved by fonning a three-dimensional grid of the organ, preferably by 
using ultrasound imaging, and inserting each of the ciyosurgical probes to a 
specific depth within the organ according to the information provided by the 
grid. 

10 Referring to FIGs. 6a, 6b and 7, a cryosurgical apparatus according 

to methods of prior art includes a plurality of cryosurgical probes 53, each 
having an operating tip 52 including a Joule-Thomson cooler for freeztag a 
patient's tissue and a holding member 50 for holding by a siu-geon. As 
shown in FIQ. 7, operating tip 52 includes at least one passageway 78 

15 extending therethrough for providbg gas of high pressure to orifice 80 
located at the end of operating tip 52, orifice 80 being for passage of high 
pressure gas therethrough, so as to cool operating tip 52 and produce an 
ice-ball at its end 90, Gases which may be used for cooling include, but fire 
not limited to argon, nitrogen, air, krypton, CCb, CV^, xenon, or N^O, 

20 When a high pressure gas such as argon expands through orifice 80 it 

liquefies* so as to form a cryogenic pool within chamber 82 of operating tip 
52, wiilch cryogenic pool effectively cools surface 84 of operating tip 52. 
Surface 84 of operating tip 52 is preferably made of a heat conducting 
laaterial such as metal so as to enable the formation of an ice-ball at end 90 

25 thereof. 

Alternatively, a high pressure gas such as helium may be used for 
heating operating lip 52 via a reverse Joule-Thomson process, so as to 
enable treatment by cycles of cooling-heating, and ftirther for preventing 
sticking of the probe to the tissue when extracted from the patient's body, 
30 and to enable fast extraction when so desired. 
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When a high pressure gas such as helium expands through orifice 80 
it heats chamber 82, thereby heating surface 84 of operating tip 52. 

. Operating tip 52 includes at least one evacuating passageway 96 
extending theret>irough for evacuating gas from operating tip 52 to the 
5 atmosphere. 

As shown FIG. 1, holding member 72 may include a heat exchanger 
for pre-cooling the gas flowing through passageway 78. Specificatly, ttxe 
upper portion of passageway 78 may be in the form of a spiral tube 76 
wrapped around evacuating pa3sage?way 96, the spiral tube being 
10 accommodated within a chamber 98. Thus, gas evacuated through 
passageway 96 may pre-cool the incoming gas flowing through spiral tube 
76. 

As ftirther shown in FIG. 7, holding member 72 may include an 
insulating body 92 for thermally insulating the heat exchanger from the 
1 5 external environment. 

Furthermore, operating tip 52 may include at least one thermal sensor 
87 for senstag the temperature within chamber 82, the wire 89 of which 
extending through evaijuating passageway 96 or a dedicated passageway 
(not sho\Mi), 

20 In addition, holding member 72 may include a plurality of switches 

99 for manually controlling the operation of probe 53 by a surgeon. Such 
switches may provide functions such as on/of£ heating, cooling, and 
predeicnuined cycles of heating and cooling by selectively and controllably 
communicating incoming passageway 70 with an ^propriate external gas 

23 container including a cooling or a heating gas. 

As shown in FIG. 6a, each of ctyosurgical probes 53 is connected via 
a flexible connecting line 54 to a connecting site 56 on a housing element 
585 preferably by means of a linking element 51. Cryosurgical probes 53 
may be detachably comiected to connecting sites 56, 
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Preferably, evacuating passageway 96 extends through connecting 
line 54, such that the outgoing gas is evacuated through an opening located 
at linking element 51 or at any other suitable location, e.g., manifold 55, see 
below. Preferably, line 54 further includes electrical wires for providing 
5 electrical .signals to the thermal sensor and switches (not shown). 

Each of cryosurgical probes 53 is in fluid communication with a 
manifold 55 received within a housing 58, manifold 55 being for 
distributing the incoming high pressure gas via lines 57 to cryosurgical 
probes 53. 

10 As shovv^l, housing 58 is connected to a connector 62 a flexible 

cable 60 including a gas tube (not shown), connector 62 being for 
connecting the ^aratus to a high pressure gas source and an electrical 
source. 

The apparatus flirdier includes electrical wires (not shown) extending 
15 through cable 60 and housing 58 for providmg electrical communication 
between the electrical source and cryosurgical probes 53. 

Preferably, housing 58 includes a pre-cooling element, generally 
designated as 61, for pre-cooling the high pressure gas flowing to 
cryosurgical probes 53. Preferably, pre-cooling element 61 is a 
20 Joule-Thomson cooler, including a tubular member 48 received within a 
chamber 49, tubuiar member 48 including an orifice 59 for passage of high 
pressure gas therettirough, so as to cool chamber 49, thereby cooling the gas 

flowing through tubular member 48 into manifold 55. 

Another configuration of a pre-cooling element 61 is shown in FIQ. 
25 6b, wherein tubular member 48 is in the form of a spiral tube wrapped 
around a cylindrical element 47, so as to increase the area of contact 
between tubular member 48 and the cooling gas in chamber 49. 

According to yet another configuration (not shown), housing 58 
includes a first mbular member for supplying a first high pressure gas to 
30 manifold 55, and a second tubular member for supplying a second high 
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pressure gas to pre-cooling element 61. Any combination of gases may be 
used for cooling and'or heating the gases flowing ttirough sucli tubular 
members. 

Alternatively, a cryogenic fluid such as liquid nitrogen may be used 
5 for pre-cooling the gaa flowing through housing 58. Alternatively, an 
electrical pre-cooiing element may used for pre-cooling the gas. 

Preferably, thermal sensors (not shown) may be located within cable 
60 and manifold 55 for measuring the temperature of gas flowing 
tiierethrough. 

iO Referring to FiGs. 8-10, method and apparatus according to prior art 

applies an imaging device such as ultrasound, MRI or CT, so as to form a 
three-dimensional grid of the patient's treated organ^ e.g., prostate* the three 
dimensional grid serves for providing information on the three dimensional 
shape of the orgaii. Each of the cryosurgical probes is then inserted to a 

15 specific depth within the organ according to the information provided by the 
grid. 

As shown in FIG. 8, an ultrasound probe 130 is provided for 
insertion into the patient's rectum, ultrasound probe 130 being received 
within a housing element 128. A guiding element 115 is connected to 
20 housing element 128 by means of a connecting arm 126. As shown, guiding 
element U 5 is in the fonn of a plate 1 10 having a net of apertures 120, each 

aperture serv^es for insertion of a cryosm^gical probe therethrough. 
Preferably, the distance between each pair of adjacent apertures 120 is 
between about 2 millimeters and about 5 millimeters, 
25 As shown in FIG, 9. ultrasound i»:obe 130 is introduced to a specific 

depth 115 within the patient's rectum 3. A net of marks 1 12 is provided on 
the obtained ultrasound image 114, the net of marks 112 on image 114 
being accurately correlated to the net of apertures 120 on guiding element 
115. 
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Thus, marks 1 12 on image 114 sign the exact locations of the centers 
of ice-balls which may be fomied at the end of the cryosurgical probes 
inserted through apertures 120 to the patient's prostate 2, wherem image 1 14 
relates to a specific deptli of penetration. 1 13 of the cryosurgical probes into 
5 the prostate 2. 

As shown in FIG. 9, ultrasound probe 130 is gradually introduced to 
various depths 113 of rectum 3, thereby producing a set of images 114, 
wherein each image relates to a respective depth of penetration into the 
prostate 2. Thus, each of images 114 relates to a specific plane 
10 petpendicular to the axis of penetration of the cryosurgical probes. 

The set of images 114 provides a three dimensional grid of the 
prostate. Such three-dimensionai grid is then used for planning the 
cryosurgical procedure. 

For example, the introduction of a cryosurgical probe along a given 
15 axis of penetration to a first depth may effectively destroy a prostatic tissue 
segment, while introduction of the probe to a second depth may severely 
damage the prostatic urethra. 

Since the ice-ball is locally formed at the end of the cryosurgical 
probe, each probe may be introduced to a specific depth so as to tocally 
20 provide an elfective treatment to a limited portion of the prostate while 
avoiding the damaging of non-prostatic or prostatic tissues located at other 
depths of penetration, 

FIG. 10 shows the insertion of an operating tip 52 of a cryosurgical 
probe 50 through an aperture of guiding element 115 into the prostate 2 of a 
25 patient. 

Prcferablyj a plurality of cryosurgical probes are sequentially inserted 
through apertures 120 of guidbg element 115 into the patient's prostate^ 
wherein each probe is introduced to a specific depths thereby providing 
substantially local effective treatnent to distinct segments of the prostatic 
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tissiie while avoiding the damaging of other prostatic or nonprostatic tissue 
segments. 

Preferably, each of the cryosurgical probes includes a scale for 
indicating the depth of penetration into the prostate, 

5 Reference is now made to FIO» 1 1, which is a simplified block 

diagranj of a planning system for planning a cryoablatlon procedure, 
according to a first preferred embodiment of the present invention. 

In FIG. 11, a planning system 240 for planning a cryoablation 
procedure comprises a first hnagmg modality 250 which serves for creating 

10 digitized preparatory images 254 of a cryoablation intervention site, First 
imaging modality 250 will typically be a magnetic resonance imaging 
system (MRI), an ultrasound imaging system, a coniputerized tomography 
imaging system (CT)^ a combination of these systems, or a sfanilar system 
able to produce images of the internal tissues and structures of the body of a 

15 patient. First imaging modality 250 is for producing digitized hnages of a 
ctyoablfltion intervention site, which site includes body tissues whose 
cryoablation is desired (refentd to herein as ""target" tissue), which may be 
a tumor or other structure, and body tissues and structures in the immediate 
neighborhood of the target tissues, which constitute the target tissue's 

20 physical environment. 

Some types of equipment useable as first imaging modality 250, a 
CT system for example, typically produce a digitized image in a 
computer-readable format. If equipment used as first imaging modality 250 
does not intrinsically produce digitized output, as might be the case for 

25 conventional x-ray imaging, then an optional digitizer 252 may be used to 
digitize non-digital images, to produce digitized preparatory images 254 of 
the site. 

Digitized images 254 produced by first imaging modality 250 and 
optional digitizer 252 are passed to a three-dimensional modelcx 256 for 
30 creating a three-dimensional model 258 of the intervention site. Techniques 
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for creating a three dimensional model based on a set of two dimensional 
images are well known in the art. In the case of CT imaging, creation of a 
three dimensional model is typically an intrinsic part of the imaging process. 
PROVISION, from Algotec Inc. (http'./Avw. ^^ gotec.cQm/products/ 
5 piovisionJitm) is an example of software designed to make a 2-D to 3-D 
conversion for images geaerared by CT scans. To accomplish the same 
purpose starting from ultrasound imaging, SONOReal'™ software from 
BIOiMEDICOM aittp:/^ww\\-.biomedtcom.com/ ) may be used. 

Three dimensional model 258 is preferably expressible in a three 
10 dimensional Cartesian coordinate system. 

Three dimensional model 258 is useable by a simulator 260 for 
simulating a cryosurgical intervention. Simulator 260 comprises a displayer 
262 for displaying views of model 258, tod an an interface 264 useable by 
an operator for specifying loci for insertion of simulated cryoprobes 266 and 
i3 operational parameters for operation of simulated cryoprobes 266 for 
cryoablating tissues. Thus, an operator (i.e., a user) can use simulator 260 to 
simulate a cryoablation intervention, by using interface 264 to command 
particular views of model 258, and by specifying both where to insert 
simulated cryoprobes 266 into an organ imaged by model 258, and bow to 
20 operate cryoprobes 266. Typically, an operator may specify positions for a 
plurality of simulated cryoprobes 266, and ftirther specify operating 
temperatures and durations of cooling for cryoprobes 266. Display 262 is 
then useable for displaying in a common virtual space an integrated Image 
268 comprising a display of three dimensional model 238 and a virtual 
25 display of simulated cryoprobes 266 inserted at said operator-specified loci. 

Planning system 240 optionally comprises a memory 270, such as a 
computer disk, for storing operator-specified loci for insertion of cryoprobes 
and operator-specified parameters f^ operation simulated cryoprobes 266. 
Inter&cc 264 comprises a highlighter 280 for highlighting, under 
30 control of an operator, selected regions within three dimensional model 258. 
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Operator-highlighted selected regions of model 258 'are then optionally 
displayed as part of an integrated image 268. 

In particular, highlighter 280 is useable by an operator for identifying 
tissues to be cryoablated. Preferably, interface 264 permits an operator to 
5 highlight selected regions of three dimensional model 258 so as to specify 
therein tissues to be cryoablated, or alternatively interface 264 permits an 
operator to highlight selected regions of digitized preparatory images 234, 
specifying therein tissues to be cryoablated. In the latter case, 
three-dimensional modeler 256 is then useable to translate regions 
10 highlighted on digitized preparatory images 254 into equivalent regions of 
three dunensiotial model 258. In both cases, tissues highlighted and 
selected to be cryoablated can be displayed by displayer 262 as part of 
integrated image 268, and can be recorded by memory 270 for future 
display or other uses. 
15 Sunilarly, highlighter 280 is useable by an operator for identifying 

tissues to be protected from damage durtog cryoablation. Typically, 
important ftmctional organs not themselves involved in patholog>' may be in 
close proximify to tumors or other structures whose destruction is desired. 
For example, in the case of cryoablation in a prostate, nerve bundles, the 
20 urethra, and the rectum may be in close proximity to tissues whose 
cryoablation is desired. Thus, highlighter 280 is useable by an operator to 
identify (l.e., to specify the location of) such tissues and to mark them as 
requiring protection from damage during crj'oablation. 

Preferably, interface 264 permits an operator to highlight selected 
25 regions of three dimensional model 258 so as to specify therein tissues to be 
protected from damage during cryoablation. Alternatively, interface 264 
permits an operator to highlight selected regions of digitized preparatory 
images 254, specifying therein tissues to be protected during cryoablation. 
In the latter case, three-dimensional modeler 256 is then useable to translate 
30 regions highlighted on digitized preparatory images 254 into equivalent 
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regions of three dimensional model 258. In both cases, tissues highlighted 
and selected to be protected from damage during cryoablation can be 
displayed by displayei 262 as part of integrated image 268, and c^i be 
recorded by memory 270 for future display or other uses. 
5 Planning system 240 further optionally comprises a predictor 290, an 

evaluator 300, and a recommender 3 10. 

Predictor 290 serves for predicting the effect on tissues of a patient, 
if a planned operation of ciyoprobes 266 at the operator-specified loci is 
actually carried out according to the operator-specified operational 
10 parameters. Predictions generated by predictor 290 may optionally be 
displayed by displayer 262 as part of integrated image 268, in the common 
virtual space of image 268. 

In a preferred embodiment, predictions of predictor 290 are based on 
several sources. The laws of physics, as pertaining to transfer of heat, 
15 provide one predictive source. Methods of calculation well knov^Ti in the art 
may be used to calculate, with respect to any selected region within three 
dimensional model 258> a predicted temperature, given known locations of 
cryoprobes 266 which are sources of cooling in proximity to such a region, 
known temperatures and cooling capacities of cryoprobes 266, and a 
20 duration of time during which cryoprobes 266 are active in cooling. Thus, a 
mathematical model based on known physical laws allows to calculate a 
predicted temperature for any selected region "^within model 258 under 
operator-specified conditions. 

Experimentation and empirical observation in some cases indicate a 
25 need for modifications of a sin^jle mathematical model based on physical 
laws concerning the transfer of heat, as would be the case, for example, in a 
tissue wherein cooling processes were modified by a high rate of blood 
flow. However, methods for adapting such a model to such conditions are 
also well known in the art. Such methods take into account heat dissipation 
30 in flowing sysltms, effected by the flow. 
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An additional basis for predictions of predictor 290 is that of clinical 
observation over time. Table 1 provides an example of a predictive basis 
derived from clinical observation, relating to medium-term and long-term 
effects of cryoablation procedures in a prostate. The example provided in 
5 Table 1 relates to treatment of BPH by cryoablation vuidcr a standardized set 
of cryoprobc operating parameters . 

TABLE 1 



Predicted long-term effects of cryoablation 



Distance between 
probes (mm) 


3 week volume 
coosumpdon (%) 


3 months volume 
consumption (%) 


10 


70 


100 


15 


55 


85 


20 


40 


70 


25 


30 


50 



As may be seen from Table 1, clinical observation leads to the 



iO conclusion that reduction i:i the volume of a prostate following cryoablation 
is a gradual process which continues progressively for a number of weeks 
following a cryoablation procedure. Tbe clinically derived information of 
Tabic 1, and similar clinically derived infonnation, can also serve as a basis 
for predictions gmerated by predictor 290, and displayed by displaycr 262 

15 as part of integrated image 268 in the common virtual space of image 268. 

Evaluator 300 is useable to compare results predicted by predictor 
290 to goals of a surgical intervention as expressed by an operator. In 
particular, evaluator 300 can be used to compare intervention results 
IM:edicted by predictor 290 under a given intervention plan specified by an 

20 operator, with that operator's specification of tissues to be cr>'oablated, 
Thus, an operator may use interface 264 to specify tissues to be cryoablatcd, 
plan an intervention by using interface 264 to specify loci for insertion of 
cr>'oprobes 266 and to specify' a mode of operation, of cryoprobcs 266, and 
then utilize predictor 290 and evaluator 300 to predict whether, under his 
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Specified intervention plan, his/her goal will be realized and all tissues 
desired to be cryoablated will in fact be destroyed. Similarly, an operator 
may utilize predictor 290 and evaluator 300 to predict whether, under 
his.'lier specified intervention plan, tissues which he specified as requiring 

3 protection firom damage during cryoablation will in fact be endangered by 
his planned intervention, 

Recommender 310 may use predictive capabilities of predictor 290 
and evaluator 300, or empirically based summaries of experimental and 
clinical data> or both, to produce recommendations for cryoablation 

10 treatment. 

As discussed above, predictor 290 and evaluator 300 can be used to 
determine, for a given placement of a given number of cryoprobes and for a 
given set of operating parameters, whether a planned cr>'oablation 
procedure can be expected to be successful, success being defined as 

f destruction of tissues specified as needing to be destroyed, with no damage 
or minimal damage to tissues specified as needing to be protected during 
cryoablation. Based on this capability, recommender 310 can utilize a 
variety of calculation techniques well known m the art to evaluate a 
plurality of competing csryoablation intervention strategies and to express a 

u) preference for that strategy which is most successful according to these 
criteria* 

In particular, recommender 310 may consider several intervention 
strategies proposed by an operator, and recommend the most successftil 
among them. Alternatively, an operator might specify a partial set of 

25 operating parameters, and recommender 3 1 0 might then vary (pros:^sively 
or randomly) additional operating parameters to find a 'best fif solution. 
For example, an operator might specify tissues to be destroyed, tissues to be 
protected, and a two-dimensional array of cryoprobcs such as, for example^ 
the two dimensional placement array of cryoprobss determined by the use of 

30 guiding element 115 having a net of apertures 120 shown in FIG, 8 
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hereinabove. Recoimnender 310 could then test a multitude of options for 
displacements of a set of cryoprobes in a third (depth) dimension to 
determine the shallowest and deepest penetration desirable for each 
ciyoprobe. Recoimnender 310 could ftuther be used to calculate a 

5 temperature and duration of freezmg appropriate for each cryoprobc 
mdividually» or for all deployed cryoprobes controlled in unison^ in a 
manner designed to destroy all tissues specified to be destroyed, while 
maximizing protection of tissues specified to be protected. 

Recommendation activity of rccommendcr 310 may also be based on 

10 empirical data such as experimental results or chnical resuhs. Table 2 
provides an example of a basis for making recommendations derived from 
clinical observation. 

TABLE2 



Recommended number of cryoprobes to treat BPH 



American 


Number of 


Prostate 


Number 


Urologists 


cross- sections 


Volume 


of probes 


Association 


with stricture of 






Questionnaire 


the Urethra 






Score 









15 



0-7 


1^3 


25 


2 



0-7 


1-3 


40 


2 


0-7 


2-5 


40 


2 


0-7 


1.3 


50 


2-3 


0-7 


2-5 


50 


2-3 


G-7 


1-3 


60 


2-3 


0-7 


2-5 


60 


3 



0-7 


2-5 


100 


4 


8-19 


1-3 


40 


2-3 
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8-19. 


2-5 1 40 


2-3 


8-19 


1-3 


: 50 


2 


8-19 


2-5 


50 


2-3 


8-19 


1-3 


60 


3 


8-19 


2-5 


60 


3-4 






8-19 


2-5 


100 


4 




20-35 


1-3 


40 


3 


20-35 


2-5 


40 


3 1 

t 


20-35 


1-3 


50 


4 


20-35 


2-5 


50 




20-35 


1-3 


60 


4 


20-35 


2-5 


60 


5 




20.35 


2-5 i 100 


6 



Table 2 relates to the treatment of BPH by cr>'oablation. Table 2 is 
essentially a table of expert opinion, wherein three criterion for describing 
the symptomatic state of a patient are related, by experts, to a 
recommendation for treatment. Table 2 was in fact compiled by a group of 
experts in the practice of cryoablation utilizing a particular tool, specifically 
a tool similar to that described in FIG* 8 hereinabove, yet a similar table 
may be constructed by other experts and for other tools. Moreover, 
feedback from the collective clinical ejiperience of a population of users of 
a particular tool may be collected over time, for example by a company 
marketing such a tool or by an indqpendent research establisliment, and such 
collected information may be fed back into rccommender 310 to build a 
progressively better informed and increasingly useful and reliable 
recommeDdation syatem» 
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I'he first column of Table 2, the AUA score, is the score of a 
questionaire in use by the American Urological Association which may be 
found in Tanagho E. A., and McAninich J, W., Smith's General Urology, 
published by McGraw-Hill, Chapter 23. The AUA score is an estimate of 
5 ses^erity of symptoms as subjectively reported by a patient, and relates to 
such urinary problems as incomplete emptying of the bladder, frequency of 
urination, intcamittency, urgency, weak stream, strainings nocturia, and the 
patient's perceived quality of life as it relates to his urinary problems. 

The second and third columns of Table 2 relate to diagnostic criteria 

10 discemable from three-dimensional model 258 or from digitized preparatory 
images 254 from which model 258 derives. The second column is a 
measure of the length of that portion of the urethra obser\''ed to be 
constticted by pressure from a patient's prostate. The third colunm is a 
measure of the volume of that patient's prostate. Table 2 constitutes a basis 

15 for recommending an aspect of a cryoablation treatment for BPH, 
specifically for recommendias in column four, an appropriate number of 
cryoprobcs to be used in treating a spedfjc patient, based on three 
quantitative evaluatious of his condition constituted by the columns one, 
two and three of Table 2. 

20 Reference is now made to FlGs. 12a and I2b, which is a flow chart 

showing a method for automatically generating a recommendation relating 
to a cryoablation procedure, utilizing the infonnation of Table 2, or similar 
information, according to an embodiment of the present invention. In the 
specific example of FlQs. 12a-12b, the generated recommendation is 

26 relevant to ayoablation of tissues of a prostate for treatment of BPH. 

At step 320 of FIG, 12a, first imaging modality 250 is used to create 
preparatory images, which are digitized at step 322 to become digitized 
preparatory images 254. In the example presented, images 254 arc cross 
sections of a prostate such as those generated by a scries of ultrasound scans 

30 taken at regularly intervals of progressive penetration into the body of a 
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patient, as might be produced by the ultrasound equipment described with 
reference to FIQs. 8-10 hereinabove, 

At optional step 324, an operator marks or otherwise indicates, with 
reference to imag^ 254, locations of lissues to be cryoablated or to be 
3 piwected, as explained hereinabove. At step 326 images 254 are input to 
three-dimensional modeler 256, which creates three-dimensional model 258 
of die intervention site at step 328. Model 258, along with any 
operator-highlighted and classified regions of model 25 8^ are displayed at 
step 329, 

10 In a parallel process^ raw materials for a recommendation are 

gathered. At step 330 clinical hiput in the form of an AUA score from a 
questionnaire of a patient^s symptoms is input. At step 332 a count is made 
of the number of preparatory images 254 (cross-sections) of the urethra 
which show constriction to the urethra caused by pressure from the prostate 

15 tissue on the urethra. A count of cross-sections showing constriction is here 
taken as an indication of the length of a stricture. Ddmnination of which 
cross-section images show signs of constriction may be made by an 
operator, or alternatively may be made by automated analysis of images.- 
256, using image inteipretation techniques well known in the art, At step 

20 334, information available to three-dimension modeler 256 is used to 
a^atoraatically calculate the volume of die prostate. 

At step 336, information assembled at steps 330, 332, and 334 is 
used in a table-lookup operation to retrieve a recommendation for the 
appropriate number of probes to be used to treat the imaged specific case of 

25 BPH. 

At step 340| an operator optionally inputs specific boundary 
conditions which serve to limit recommendations by the system. Utilizing 
model 254 created at step 328, operator-specified boundary conditions flrom 
step 340, operator-specified identification of locations of specific tissues to 
30 be ablated or protected from step 324, and a calculated recommended 
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numba- of probes from step 336, a recommendation for optima! positioning 

of a recommended number of probes may be made at step 342. Display of a 

recommended intervention is made at step 344. 

Optionally J operator-specified placement of simulated cryoprobes 
5 may modify or replace the recommended intervention, at step 346. 

Step 344 is optionally iterative. That is, an operator may repeatedly 

modlf^' definitions of tissues, boundary conditions, or manual placement of 

simulated probes, until the operator is satisfied vsdth the simulated results. 

As a part of step 344, activities of cvaluator 300 may be evoked, so as to 
0 procure system feedback based on a simulated intervention. Step 344 is 

repeated so long as desired by an operator, and until the operator Is satisfied 

with the results. 

Referring now to FIG, I2b which is a continuation of the flowchart 
of FIG. 12a, at step 348 a final plan is optionally saved to a computer disk 
3 or other memory 270. 

In optional step 350, details of the completed intervention plan can 
be used to estimate and display expected long-term results of the plamied 
intervention, such as an expected future volume and shape of the prostate, 
Inforaiation from Table 2 or an equivalent is utilized for step 350> as 
0 indicated at step 352. It is noted that long-term volume of the prostate may 
also be treated as a boundary condition of an intervention, at step 340. 

The example presented in FIGS. 12a and 12b refers specifically to a 
utilization of planning system 240 for treating a prostate for BPH. Similar 
utilizations may be contemplated, for treating other organs, or for treating 
5 other conditions of a prostate. 

In treating BPH, a desired goal is a reduction in prostate volume so 
as to relieve pressure on the urethra of a patient, because pressure on the 
mttlm from an enlarged prostate Interferes with the process of urination. 
In treating BPH there is no need to destroy all of a selected volume, but 
0 rather simply to destroy some desired percentage of that volume. 
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In treating, for example, a prostate tumor suspected of malignancy, 
goals of the intervention are quite different. To avoid dangerous 
proliferation of malignant cells, it is desirable to ablate a defined volume in 
its entirety. In such a context, when it is necessity to destroy all tissues 
s within a selected volume, the functionality of cvaluator 300 of planning 
system 240 is particularly useful. 

EvaluatcT 300 is able to calculate, for each arbitrarily selected small 
volume of model 258, the cumulative cooling effect of all cryoprobes in 
proximity to said selected small volume. Consequently evaluator 300 is 
10 able to make at least a theoretical determination of whetber, for a given 
deployment of cryoprobes utilized under a given set of operating 
parameters, total destruction of malignant tissues within a selected volume 
is to be expected. 

Reference is now made to FIG. 13, which is a chart showing 
15 temperature profiles for several cryoablation methods, useful for 
understanding FIOs. 14 and 15. FIG. 13 contrasts the temperature profiles 
for cryoablation used in prior art systems 354 as compared to the 
xemperature profiles 356 utilized according to the methods of FiGs, 14 and 
15. 

20 Reference is now made to FIG. 14. which is a simplified flow chart 

of a method for ensuring total destruction of a selected volume while 
limiting damage to tissues outside that selected volume, according to an 
embodiment of the present invention. 

ThQ method presented by FIG. 14 comprises (a) deploying a plurality 

25 of cryoprobes in a dense array within a target volume, and (b) limiting 
cooling of the deployed cryoprobes to a temperature only slightly below a 
temperature ensuring complete destruction of tissues. The temperature 
profile required is shown in detail in FIG. 13, where It is contrasted to a 
temperature profile according to methods of prior art. According to the 

30 method of FIG. 14, limiting cooling of each ciyoprobe has the effect of 
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lirniting the destructive range of each cooJed cryoprobe. If a plurality of 
ciyoprobes are deployed in an sufficiently dense array and cooled to an 
extent such as that indicated in VIQ. 13, a nearly-uniform cold field is 
created, the field being uniformly below a temperature required to ensure 
destruction of tissues within the field, yet there is relatively little tendency 
for destructive temperature to extend far beyond the deployed cryoprobe 
array. Thus, in contrast to methods of the prior art, the method presented by 
FIG. 14 relies on making a cryoprobe array more dense, and less cold. 
Control of degree of cooling may of course be accomplished by controlling 
a temperature of cryoprobes of the array» either individually or collectively, 
or by controiimg duration of cooling of ciyoprobes of the array, or both. 

Reference is now made to FIG. 15, which is a simplified flow chart 
of another method for ensuring total destruction of a selected volume while 
limiting damage to tissues outside thai selected volume, according to an 
embodiment of the present invention. 

The method of FIO, 15 is similar to that of FIG. 14, in that it utilizes 
a deast array of cryoprobes cooled to a lesser extent than the cooling 
utilized according to methods of prior art. According to the method of FIG. 
15, however, cryoprobes at the periphery of a target volume are cooled less 
than are cryoprobes at the interior of the target volume. Cryoprobes at the 
interior of the target volume ore, by definition, relatively distant &om 
tissues desired to be protected, consequently they can be strongly cooled 
with impunity, thereby helping to ensure total destruction of target tissues. 
In conti^ast, cryoprobes near the surftice of tiie target volume are closer to 
heoltiiy tissues, consequently it is desirable to cool tiiem less, so as to limit 
tiie damage fliey cause. Such lesser cooling of surface cryoprobes is 
possible, without sacrificing efficient destruction of target tissues, because a 
combination of weak cooling from surface probes together witii strong 
cooling from interior probes creates a near-uniform cold field near the 
siaface probes which ensures destiiiction of tissues on an interior side of the 
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surface probes, while causing relatively little destruction of tissues on an 
exterior side of the surface probes. 

Planning system 240 can be used effectively lo plan dense arrays of 
cryoprobes according the methods of FIG, 14 and of FIG, 15. For example, 
5 a user might specify a particular density of an array of probes, then use 
evaluator 300 to evaluate a range of possible temperature and duration 
parameters lo find an amount and duration of cooling which ensures that the 
specified array will indeed create a nearly-uniform cold field sufficient to 
destroy all target tissues. Alternatively, a user might specify a desired 

30 degree of cooling and use planning system 240 to recommend a required 
density of the cryoprobe array, 

Thusj evaluator 300 and recommender 310 can be used to calculated 
placement and operational parameters of cryoprobes in a maimer which 
guarantees a nearly-uniform cold field within a selected volume: If 

15 cryoprobes 266 arc sufficiently small and placed sufficiently close together, 
cooling effects from a plurality of probes will influence each selected small 
volume within a target volume, and an amount of required cooling can be 
calculated which will ensure that all of the target volume is cooled down to 
a temperature ensuring total destruction of the target volume, 

20 In implementing the method of FIG. 15, control of degree of cooling 

may of course be accomplished by ccntrollmg temperatures of cryoprobes 
of the anay, either individually or collectively, or by controlling duration of 
cooling of cryoprobes of the array, or both. 

Reference is now made to FIG. 16, which is a simplified block 

25 diagram of a surgical facilitation system for facilitating a cryosurgery 
ablation procedure^ according to an embodiment of the present invention. 

In a preferred embodiment, a surgical fecilitation system 350 
comprises a first imaging modality 250 and optional digitizer 252, for 
creating digitised preparatory images 254 of an intervention site, a first 

30 ihree-dimensional modeler 256 for creating a first tJiree-dimensional model 
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258 of the interventlott site based on digitized preparatory images 254, a 
second imaging modality 360 with optional second digitizer 362 for creating 
a digitized reaMime image 370 of at least a portion of the intervention site 
during a cryosurgery procedure, and an images integrator 380 for 
integrating information from three-dimensional model 258 of the site and 
from real-time image 370 of die site in a common coordmate system 390, 
thereby producmg an integrated image 400 displayable by a display 260. 
Integrated image 400 may be a two dimensional image 401 created by 
abstracting infoimation from a relevant plane of first three dimensional 
model 258 for combining with a real-time image 370 representing a view of 
that plane of that portion of the site in real-time. Alternatively, a set of 
real-time images 370 may be used by a second three dimensional modeler 
375 to create a second three dimensional model 402, enabling images 
integrator 380 to express first three dimensional model 258 and second three 
dimensional model 402 in common cowdinate system 390, preferably a 
Cartesian coordinate system, thereby combining both images into integrated 
image 400. 

Various strategies may be used to facilitate combining of model 258 
(based on preparatory images 254) with real-time images 370 (or model 402 
based thereupon) by images integrator 380. Processes of scaling of images 
to a same scale^ and of projection of a 'slice' of a three dimensional image 
to a chosen plane, are all well known in the art Basic techniques for feature 
analysis of images are also well known, and can deal with problems of fine 
alignment of images from two sources, once conmion features or common 
directions have been identified in both images. Techniques useflil.for 
facilitating aligning of both images by images mtegrator 380 include: (a) 
identification of common features in both hiiages by an operator, for 
example by Identifying landmark features such as points of entrance of a 
urethra into, and points of exit of a urethra from, a prostate, (b) 
identification of constant basic directions, such as by assuring that a patient 
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is in a similar position (e.g., on his back) during both preparatory imaging 
and real-time imaging, (c) operator-guided matdiing, through use of 
interface 264, of a first set of images, (d) use of proprioceptive tools for 
imaging; that is. tools capable of reporting, either mechanically or 
5 electronically using an electronic sensor 364 and digital reporting 
mechanism 365, their own positions and movcmcntSj and (e) using a same 
body of imaging equipment to effect both preparatory imaging, producing 
- preparatory' images 254, and real-time imagiixg during a cryosurgery 
procedure, producing real-time images 37Q. For example, using ultrasound 

10 probe 130 of FIGs. 8-10 and FIG. 16 both for preparatory imaging and for 
real-time imaging, and assuring that the patient is in a standard position 
during both imaging procedures, greatly facilitates the task of images 
integrator 380* Equipping ultrasound probe 130 with stabilizer 366 and 
controlling Its movements with stepper motor 367, as shown in FIG. 16, yet 

15 fmther simplifies the task of images integrator 380. 

It will be appreciated that the present invention can benefit from 
position tracking of various components thereof so as to assist either in 
modeling and/or in actually controlling a cryoablation procedure. Position 
tracking systems per se are well known in the art and may use any one of a 

20 plurality of approaches for the determination of position in a two- or 
three-dimensional space as is defmed by a system-of-coordlnates In two. 
three and up to six degrees-of-fireedom. Some position tracking systems 
employ movable physical connections and appropriate movement 
monitoring devices (e.g., potentiometers) to keep track of positional 

25 changes. Thus, such systems, once zeroed, keep track of position changes 
to thereby determine actual positions at all times. One example for such a 
position tracking system is an articulated arm. Other position tracking 
systems can be attached directly to an object in order to monitor its position 
in space. An example of such a position tracking system is an assortment of 

3a three triaxially (e.g., co-orthogonalty) oriented accelerometers which may 
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be used to monitor the positional changes of the object with respect to a 
space. A pair of such assortments can be used to determine the position of 
the object in six-degrees of freedom. 

Other position tracking systems re-determine a position irrespective 

5 of previous positions, to keep track of positional changes. Such systems 
typically employ an array of receivers/iransmitters which are spread in 
known positions in a three-dimensional space and transmitter(syf eceiver(s), 
respectively, which are in physical connection with the object whose 
position being monitored. Time based triangulation and/or phase shift 

0 triangulation are used in such cases to periodically determine the position of 
the monitored object. Examples of such a position tracking systems 
employed in a variety of contexts using acoustic (e.g., ultrasound) 
electromagnetic radiation (e.g., infrared, radio frequency) or magnetic field 
and optical decoduag are disclosed in, ifor example, U.S. Pat. Nos. 

5 5,412,619; 6,083,170; 6,063,022; 5,954,665; 5,840.025; 5,718,241; 
5J13,946: 5,694,945; 5,568,809; 5,546,951; 5.480,422 and 5,391,199, 
which are incorporated by reference as if fUlly set forth herein. 

Position tracking of any of the imaging modalities described herein 
and/or other system components, such as the cryoprobes themselves, and/or 

0 the patient, can be employed to facilitate implementation of the present 
invention. 

In a prefened embodiment, surgical facilitation system 350 further 
comprises all fiaictional units of planning s>^tem 240 as described 
hereinabove. That is, facilitation system 350 optionally comprises simulator 

5 260 having user interface 264 with highlighter 280, each having parts, 
ftinctious and capabilities as ascribed to them hereinabove with reference to 
FIG. 11 and elsewhere. In particular, system 350 includes the 
above-described interface useable by an operator to specify placements and 
operational parameters of simulated oryoprobes 266, and to specify tissues 

0 to be cryoablated or to be protected during ciyoablation. 
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Similarly, fecilitatioii system 350 further optionally comprises 
memory 270^ predictor 290, evaluator 300, and recommender 310, each 
having parts, functions and capabilities as ascribed to them hereinabove 
with reference lo FIG. 1 1 and elsewhere. 

Thus, in a preferred embodiment of the present invention, facilitation 
system 350 is able to undertake all activities described hereinabove with 
respect to pJaijning system 240. In addition, facilitation system 350 is able 
to provide a variety of additional services in displajing and evaluating at 
least one real-time image 370, and is further able to compare real-time 
Images 370 to three dimensional model 258, and also to compare 
information fi*om real-time imag&s 370 to stored information such as that 
identifying operator-specified tissues to be cryoablated or to be protectedj as 
is explained more fUlly hereinbclow. 

In a preferred embodiment, either first hnaging modality 250 and/or 
13 second imaging modality 360 may each independently be a magnetic 
resonance imaging system (MRI), aii ultrasound imaging system, a 
m computcri:ged tomogre^hy imaging system (CT). some combination of these 

Ij^ systems^ or some similar system able to iMX>duce images of the internal 

5 tissues and structiires of the body of a patient, yet in the case of second 

l^i 20 imaging modality 360, ultrasound and MRI imaging are more typically 

W used, as being more conveniently combined with cryosurgery processes, 

p FaciUtation system 350 ftirther comprises a first comparator 390, for 

comparing first three-dimensional model 248 with real-time image 370, 
particularly to disccm differences between both images. Such differences 
25 constitute differences between a status of a planned intervention and a stams 
of an actual intervention in real-time. TooISj such as cryoprobes, tissues, 
such as a urethra, and icc-balls formed during cryoablation, all figure as 
elements in three dimensional model 258, and all may be visualized using 
second imaging modality 360. Thus, their expected positions, sizes, 
10 orientations, and behaviors may be compared to their actual real-time 
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positions, sizes, orientations and Tehaviors during cryoablation, by 
comparator 390. 

Differences thereby revealed, and infomaUon concerning such 
differences, can be of vital importence to an operator in guiding bis actions 
, during an intervention, particularly if the operator deviates f«>m a planned 
intervention without being aware of domg so. A representation of the 
revealed differences may be displayed by displayer 262 and highlighted for 
g.-eater >isibiUty. A feedback mechanism 392. for example an auditory 
feedback mechanism, may be used to draw attention of an operator to 
0 serious discrepancies between a planned and an actual intervention, 

Similarly, comparator 390 can be used to compaic status of objects 
visible in real-lime images 370 with stored infom^ation about 
operator-specified tissues to be cryoablated. Comparator 390 can thus 
provide information about, and displayer 262 can display, situations m 
which tissues intended to be cryoablated are in fact not effectively being 
cryoablated by a procedure. Similarly, comparator 390 can be used to check 
status of objects visible in real-time images 370. relating them to stored 
infomtation about operator-specified tissues which are to be protected 
during crvoablation. In the case of discrepancies between an actual 
20 situation and an operator- specified desirable situation, display 262 and 
feedback mechanism 392 can ^vam an operator when a procedure seems to. 
be endangering such tissues. 

The capabiUties of facilitation system 350 may extend yet fiirther. to 
direct guidance to an operator in the manipulation of ctyoablation tools, and 
25 even to partial or complete control of such tools during a phase of a 

cryoablation intervention. 

Reference is now made to FIG. 17. which is a schematic diagram of 
mechanisms for control of cr>.csurgical tools by a surgical facilitation 
system, according to an embodiment of the present invention. 
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A cryosurgical probe 50 is shovm passing through an aperture 120 in 
a guiding element 115 which is realized in this example as a plate 110. As 
described hereinabove in the context of the discussion of FIQs. 8-10, 
aperture 120 is for limiting sideways movement of probe 50» which is 
5 howevw free to move forward and backwards towards and away from a 
cr>'oablation site in a patient. In the prior art methods presented in FIQs. 
8-10, such movement was conceived as under sole and exclusive control of 
an operator who advanced and retracted probe 50 manually. 

As. has been noted above, the siinuladon, evaluation, and 
10 recommendation capacities of planning sj'stem 240 and facilitation system 
350, based on preparatory images 254 and three dimensional model 258, 
allow system 350 to calculate a recommended maximum and minimum 
depth for at whicli each cryoprobe 50 is to be used, for cryoablation. 
Further, a cryoablation plan manually entered by an operator may also 
: 5 determine a maximum and minimum depth at which each cryoprobe 50 is to 
be used for ciypablatlon. 

In a simple implementation of mechanical control based on 
information from planning system 240 or facilitation system 350, planned 
maximum and minimum depths generated by those systems are 
20 communicated to an operator who adjusts a mechanical blocking element 
430 according to a graduated distance scale 432, in a manner which limits 
forward or backward movement of probe 50 so as to prevent an operator 
from unintentionally and unlcnowingly advancing or retracting probe 50 
beyond limits of movement planned for probe 50. Such an anangement 
23 guides and aids an operator in use and control of probe 50 for effecting 
cryoablation according to a plan, 

In a somewhat more sophisticated implementation, control signals 
438 from system 350 activate a stepper motor 434 to directly control 
movement of probe 50. Thus, under control of system 350 and according to 
30 a planned, simulated, examined and thcoreticaUy tested procedure, stepper 
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motor 434 can advance probe 50 to a planned depth for performing 
cryoablation. System 350 can also send temperature control signals to 
heating gas valve 440 and cooling gas valve 442, thereby controlling a flow 
of heating gas from heating gas reservoir 444 and a flow of cooling gas 

5 fixnn cooling gas reservoir 446. Thus, nnder control of an intervention plan 
and utilizing mechanisms presented In FIG, 17, system 350 is able to 
directly control some or all of a cryoablation intervention. Thus, in a typical 
portion of a cryoablation procedure, stepper 434 advances probe 50 a 
planned distance, cooling gas valve 442 opens to allow passage of a gas 

10 >yhich cools probe 50 to cryoablation temperatures and maintains those 
temperatures for a planned length of time, then cooling valve 442 closes to 
halt cooling. Optionally, heating gas valve 440 then opens to allow passage 
of a gas which beats probe 50 so as to melt tissues in contact with probe 50, 
thereby restoring to it fireedom of motion, whereupon stepper motor 434 can 

15 further advance or retract probe 50 to a new cryoablation position, at which 
new position system 350 can optionally repeat this cryoablation process. 

To ensure accuracy, movement of cryoprobe 50 may be monitored by 
a movement sensor 436. Moreover, all the facilities of system 350 
previously described, for comparing real-time positions of objects with 

20 planned positions of those objects^ can be brought to bear, to monitor this 
independently controlled cryoablation process. 

It is appreciated that certain features of the invention, which are, for 
clarity, described in the context of separate embodiments, may also be 
25 provided in combination in a single embodiment. Conversely, various 
features of the invention, which arc, for brevity, described In the context of 
a single embodiment, may also be provided separately or in any suitable 
subcombination, 



.JUL. 2301 16: (37 




EHRLICH & PPRTNERS 972-3-6127575 



(SO. 585 



66 



Although the invention has been described in conjunction with 
specific embodiments thereof, it is evident that many alternatives, 
modifications and variations will be apparent to those skilled in the art. 
Accordingly, it is intended to embrace all such alternatives, modifications 
5 and variations that fall Avithin the spirit and broad scope of the q^pcnded 
claims. 



